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Preface to the Second Edition 


A SECOND edition presents the author with the privilege of a “‘second look”’ 
and the opportunity of bringing his work as close to current concepts as 
permitted by his efforts and the time which elapses between the last tap 
on his typewriter and the finished book. Much material, in some measures 
new and in others a recapitulation and elaboration of already known in- 
formation, has appeared in the radiological literature since 1955. I have 
tried to reflect advances in the text and illustrations, and to inspect such 
information in the light of my own daily experience. It was often difficult 
to decide just what to include and what to leave out in the selection of new 
illustrations and the recording of personal observations. Nor could I do 
justice to the many excellent papers which have appeared, so that of neces- 
sity many are not mentioned by name, but are acknowledged with thanks 
nevertheless. 

More than fifty new illustrations have been added, and a number of the 
original ones have been replaced. The sections on the embryology and 
radiological anatomy of the spine have been augmented, as has the material 
on developmental anomalies and structural changes. The myelographic 
contributions to the diagnosis of discal, intraspinal and vertebral diseases 
has been reemphasized, and the sections on myelography have been re- 
written and, to a great extent, reillustrated. In general, as each chapter 
was reviewed and revised, I tried to emphasize clinical correlations in 
accord with the concept of regarding the spine as an organ which reflects 
systemic disease as well as one having its own peculiar maladies. 

The fundamental importance of technical elegance and intelligent plan- 
ning as indispensable requirements for reliable roentgenological diagnosis 
is reafhirmed. The current furor over radiation hazards must not be over- 
looked, and every effort should be made to keep exposure to a minimum. 
Notwithstanding, economy must never be carried to the point of endanger- 
ing a patient because of insufficient data or unreliable work. The basic 
importance of the radiologist as a consultant can be maintained only so 
long as he actually is one, and he must be personally responsible for work 
done under his supervision as well as for his own. And insofar as it 1s 
humanly possible, that supervision and work should be on the spot and 
personal, reflecting knowledge of the patient and his complaints as well as 
the professional approaches to be taken towards a trustworthy opinion. 
It is a truism that radiological examinations ought to be conducted with 
the same devoted regard for the patient’s welfare as is any other medical 
discipline. I must confess, however, that sometimes I stare with bemused 
and saddened admiration while watching the superbly smooth, efficient 
and impersonal assembly-line mechanics of radiology in busy hospitals. I 
have often wondered what it would be like to see the Department of Radi- 
ology operating like the Department of Surgery, for example, with each 
patient receiving the undivided attention of his physician. It is apparent 
that the glow of our viewing boxes still cannot match the focussed, brilliant 
glare of the operating room lights. The difference between an impersonal 
approach to the interpretation of roentgenograms and examining a patient 
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requires little comment, and each one of us has to search his soul to see 
just how he is discharging his responsibility. 

During the seven years which have passed since the first edition of The 
Spine I have followed the flow of old and recent ideas and observations in 
the environment of a new, relatively small but very active general hospital. 
The cooperative efforts of the various services and their chiefs is acknowl- 
edged with thanks. I am particularly grateful to my brother, Dr. Joseph A. 
Epstein of the division of neurological surgery, Dr. Leroy Lavine of the 
orthopedic division, and Dr. James I. Berkman, the chief pathologist. They 
have made my work more pleasant and more exciting by their constant 
interest, their stimulating collaboration and their warm friendship. My 
chief technician, Mr. Jerome Sloven, continues to fulfill all the require- 
ments of a master of his craft, and has been assiduous and painstaking in 
his part of our work. The publishers, Lea & Febiger, again have exhibited 
their gracious consideration and unfailing helpfulness, for which it is my 
sincere pleasure to thank them. 


BERNARD S. EPSTEIN 
New Hype Park, NEW YORK 


Preface to the First Edition 


THE vertebral column and its contents are subject to many diseases. 
Some of these are unique to the spine while others are local manifestations of 
widespread conditions. Much has been published on the radiology of the 
spine, most of it in specialized journals. It appeared a good idea to gather 
available information and review our own material in a work which would 
treat the spinal column as an entity. In this volume are correlated twenty 
years of observation of the radiological and clinical variations of vertebral 
column disease. Inasmuch as an understanding of embryologic develop- 
ment is practically essential for comprehending the infant, growing and 
congenitally malformed spine, this aspect was presented before going on 
with the normal radiologic picture. In reviewing the variations seen with 
the same disease, I have tried to include a concept of progression from the 
early phases to the full blown syndrome. 

The details of roentgenographic technic are not included here. However, 
I would like to stress the fundamental importance of technical excellence. 
Not only must the films be of superb quality, but proper views must be 
selected. It should not be left to a technician’s judgment alone to decide 
which views are required. The radiologist must assume the obligation of 
planning the study as well as the responsibility of diagnosis. Myelography 
is basic in investigations of the spinal canal, and has been integrated with 
other technics rather than treated as a separate entity. The application 
of body section roentgenography to examination of the vertebral column 
has been emphasized 

In reviewing the literature and compiling a bibliography, it soon became 
apparent that a volume this size could be filled with references alone. The 
papers referred to specifically illustrate points under discussion. There are 
many others of equal excellence not mentioned by name. To those whose 
work I quoted, and to the many others who were not cited but who never- 
theless contributed greatly to this effort, I extend my thanks. 

The tremendous amount of work done on the radiology of the vertebral 
column reflects the concern of neurological surgeons and neurologists, 
orthopedists, internists, pediatricians and others as well as the radiologist. 
Much of the neurosurgical and neurological material in this volume was 
seen with Dr. Leo M. Davidoff, to whom I am grateful for much encourage- 
ment and stimulation. Dr. Joseph Milgram and Dr. M. T. Koven were of 
constant help from the orthopedic aspect. To them, and to the medical 
staff of The Jewish Hospital of Brooklyn, I offer my appreciation. Most of 
this work was done while I was a member of the Department of Radiology 
of The Jewish Hospital of Brooklyn. I extend my thanks to that institution 
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for many years of pleasant work. Contributed illustrations are acknowl- 
edged with thanks in the respective subheadings. 

My brother, Dr. Joseph A. Epstein, read the manuscript and made many 
helpful contributions. I acknowledge his help with thanks. Dr. Arthur 
Sawitsky reviewed the ninth chapter and suggested several changes. 

The roentgenograms were made for the most part by Mr. Jerome Sloven, 
who has been a bulwark of technical help. I thank him for many hours of 
hard, patient and devoted work. The photographs were made by Mr. 
Marvin Ehlin, to whom I am obliged for constant cooperation. 

The publishers have always been most cooperative and helpful. It is a 
privilege to work with them, and I am indebted to them for their patience 
and great skill. 


BERNARD S. Epstein, M.D. 
NEw Hype Park, NEW YorRK 
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EMBRYOLOGIC CONSIDERATIONS 


FoLLowInc fertilization of the ovum, the male and female pronuclei 
combine into the new segmentation nucleus, which further divides into the 
two cell stage, beginning the growth of a new individual. Passing through 
the morula stage, an outer layer of cells, the trophoblast, and an inner 
cluster, the inner cell mass, evolve. Secretion of fluid by the trophoblast 
into the morula results in the blastocyst, a vesicle formed by the tropho- 
blast to which the inner cell mass is attached. At about the eighth day 
after fertilization the blastocyst becomes imbedded in the endometrium, 
and is completely covered over by the twelfth day. The trophoblast 
combines with the mesoderm, forming the chorion, the protecting coat 
which relates the fetus to the maternal nutritional and excretory resources. 

During this time the inner cell mass enlarges, developing into the outer 
ectodermal and inner entodermal layers. These rapidly separate, the 
ectoderm forming the amnion and its contained amniotic cavity, while the 
entoderm constitutes the yolk sac protruding into the blastocyst. The 
embryo itself develops from the germ disc, that portion of the ectoderm 
and entoderm which remain in apposition. The extraembryonal mesoderma 
layer evolving from cells migrating from the borders of this disc form a 
loose network of cellular processes stretching across the blastocyst cavity 
and occupy the space between the trophoblast and yolk sac. The entire 
embryo then becomes suspended 1n the chorionic cavity by the mesodermal 
primitive body stalk. 

Further growth of the embryo procedes from the embryonic disc. A 
primitive groove appears in the midline, beneath which the rapidly growing 
primitive streak develops. These cells later form the definitive mesoderm, 
part of which migrates to the cephalic end of the embryo, where it comes in 
contact with the primitive node of Hensen, another sleet of mesodermal 
cells. The notochord develops from Hensen’s node as a medially situated 
rod. At the end of two weeks the embryo is about 1.5 mm. long, somewhat 
oval in shape, and the three germ layers are well differentiated. Cephalic 
to Hensen’s node thickened, rounded edges of ectoderm appear as the 
neural folds on either side of the notochord and prochordal plate, evolving 
into the neural groove. Further growth converts the groove into a tube. 
The cephalic end, which develops more rapidly, expands to form the brain, 
while the caudal portion develops as the spinal cord. 

By the third week the cephalic end of the embryo is marked by the 
prominence of the neural plate. Thereafter the paraxial bar, the mesodermal 
column on either side of the notochord becomes segmented into triangular- 
shaped symmetrically disposed somites, situated so that their bases are 
wiedial and apices lateral in position. From these the skeletal, muscular 
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cartilaginous ‘centers separated by the ventrodorsal exterision of the peri-" 
chordal sheath appear on either side of the notochord, and rapidly extend 
around it, thereby forming the bodies of the cartilaginous vertebre. The. 
perichordat shearh quickly disappears.at this stage, Second pairs of cartilag~ 
inous foci appear it the Jateral parts of the vertebral arch, grow backward 
on either side of the neural tube to form the cartilaginous vertebral arch, | 
_and still separate carrilaginous centers appear for each costal arch. 
which remains unchanged as a solid cord of uniform size) 


The notochord, 

during the mesenchymal period, is progressively compressed ines the cegions - 
of the dense interverrebral discs. T bis te believed duc to the increased pres: 
sure prevailing during the sapid enlargement of the cartilagmous. bodies. 


d, which 
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The dense mesenchyroal anlage of the annulus fibrosus becomes markedly >” 
reduced. during chondriftcation of the bodies, but the oatermost riny of the: — 
dise dividing the cartilaginous bodies persists; © = 

~ By the seventh to eighth week of pestation, the cartilaginous cells inthe —- 
centers of the vertebral Hadtes heroine sucrounded by an mrerstiual matrix. 
During this stage the anterior and posterior longitudinal spinal ligaments ~ 
develop. The anterior longitudinal ligament is firmly attached to the cart-. 
laginous vertebral bodies, while the posterior Jongitudinal ligament is (at- 
tached tothe intervertehial disc tissue, but is not as closely artached to the © 
posterior surfaces ab the verrebrae, ae aes EES eho Tee See eA 2 Se ee 3 
‘As chondrification proceeds, the notochordal cells are progressively 
squeezed out frora the Vertebral bodies and displaced into rhe interverte- - 
bral dises, Here they’ become enclosed by a dense im of cells which haye not. 
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undergone chondrification and which form the true annulus fibrosus. During 
this period, some mucoid degeneration and proliferation occurs in the noto- 
chordal cells, which then forms the nucleus pulposus. During this migration 
of notochordal tissue the annulus fibrosus becomes larger. The perichordal 
sheath itself remains in the center of the cartilaginous vertebre and is 
represented by a mucoid streak. 

At the ninth week of fetal life anterior and posterior indentations into the 
cartilaginous body are produced by periosteal vessels. Soon after this the 
cartilage is invaded by these vessels, which produce ventral and dorsally 
situated blood lakes. Early in the embryologic development of the vertebral 
body, ossification centers are formed dorsally and ventrally in the vertebral 
body, separated by cartilaginous septz which soon disappear. Ossification 
proceeds rapidly and is well seen by the time the embryo reaches four 
months of age. 

The early centers of ossification of the vertebral bodies lie dorsally and 
ventrally. They do not correspond with the centers of chondrification of the 
cartilaginous stage, the latter being situated to the left and right of the 
ventro-dorsal extension of the perichordal sheath. The anterior and posterior 
centers fuse early and form one large center of ossification for the vertebral 
body. The first centers appear in the lower thoracic and upper lumbar 
regions and rapidly extend cranially, less rapidly caudally. As the dorsal 
blood lakes and the center of ossification enlarge, it displaces the mucoid 
streak ventrally, eventually destroying this structure. Occasionally some 
remnants of the mucoid streak may remain in the vertebral body. The then- 
formed centrally situated body nucleus gives off capillary vessels which re- 
sorb the surrounding cartilage in a stellate manner. 

At approximately the fifth to sixth month of fetal life, the ossification 
center has divided the cartilaginous body into two thick cartilaginous plates 
which show endochondral ossification towards the intervertebral disc side. 
Anteriorly and posteriorly, large osseous channels form the entrance of the 
vertebral vessels. Along the anterior and lateral periphery of the vertebral 
bodies, horseshoe-shaped cartilaginous plates appear which represent the 
cartilaginous ring apophyses. Later these form the anlage of the bony ring 
apophyses which appear in adolescent life. This cartilaginous ring 1s the seat 
of some of the fibers of the anterior and lateral aspects of rhe annulus 
fibrosus, which later are incorporated as Sharpey’s fibers at the time of 
ossification. The posterior margin of the cartilaginous plate and the annulus 
fibrosus is not involved in this arrangement. 

Ossification of the bodies of the vertebrze does not extend to the bony 
structures of the entire vertebral body. The postero-lateral portions of the 
vertebral body are ossified by extensions from the vertebral arch centers. 
During the first few years of life, therefore, the vertebral bodies show two 
synchondroses termed “‘neurocentral synchondroses. ”’ 

Ossification of the vertebral arches begins at approximately the eighth 
week of fetal life, appearing first in the upper cervical vertebre, and 
gradually extending down the spinal column. Each lateral half of the 
vertebral arch originates from a separate center of ossification, and the 
vertebral body originates from a third center of ossification. 

The rami of the lumbar neural arches unite during the first year of life, 
followed by similar changes in the neural arches of the thoracic and cervical 
regions. The neurocentral synchondroses of the cervical vertebre are 
joined to the arches on either side at about the third year of life, and similar 
union in the lower lumbar vertebrz is not complete until about the sixth 
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year. The tips of the transverse spinal processes remain cartilaginous in the 
years before puberty. At about the sixteenth year secondary centers appear 
at the tips of the transverse processes, the tips of the spinous processes, and 
at the upper and lower surfaces of the vertebral body. 

The development of the axis and atlas is rather different from the other 
cervical segments. The atlas usually ossifies from three centers, one for each 
lateral mass, which appear at about the seventh week of fetal life, and one 
for the anterior arch which may be seen soon after birth in about 20 per cent 
of cases on neck roentgenograms. These two lateral bony masses are sepa- 
rated by a cartilaginous bar, in which a third center of ossification appears 
at about the end of the first year of life in the other 80 per cent (Tompsett 
and Donaldson, 1941). 

The axis, or epistropheus, ossifies from five primary and two secondary 
centers. The body of the second cervical vertebra and its neural arch ossifies 
in much the same manner as the other vertebra, namely from a single center 
for the body at about the fourth or fifth month and centers for each lateral 
half of the vertebral arch at about the second month of gestation. The odon- 
toid process is formed by an upthrust cartilaginous projection from the 
body of the vertebra. At about the sixth month of fetal life two laterally 
situated centers of ossification appear in the base of this process. At birth 
these unite into a single column at the apex of which a cleft remains, for 
which a separate center of ossification appears at about two years of age. A 
cartilaginous plate separates the base of the odontoid process from the body 
of the second cervical vertebra. This gradually becomes ossified, and dis- 
appears at or somewhat before adolescence, at which time the apical tip of 
the odontoid also unites. Ossification involves the circumference of the 
odontoid process, so that cartilaginous material may persist in its center 
until late in life. 

The transverse processes of the seventh cervical vertebre sometimes 
possess a secondary center of ossification from which false ribs form if they 
do not unite with the true transverse process. Separate centers of ossification 
for the transverse processes of the fourth to sixth cervical vertebre have 
also been described. 

Two additional centers of ossification are also present in the lumbar 
vertebra. These correspond to the mammilary processes, small prominences 
on the posterolateral aspects of the superior articular processes. The trans- 
verse processes of the first lumbar vertebra sometimes develops from separate 
centers of ossification. If these do not eventually unite with the vertebral 
body, a so-called lumbar rib may result. This is a rather uncommon anomaly, 
but may cause some confusion in identification of vertebral segments. This 
may be resolved by counting vertebrz on suitable films from the atlas down. 

Ossification of the sacral vertebrz proceeds from a primary center and 
two epiphyseal plates, one for the superior and the other for the inferior 
surface. Each vertebral arch of the sacrum is ossified from two centers. 
Lateral to the anterior sacral foramens are two additional centers of 
ossification for each of the upper three sacral vertebrz. Ossification of the 
central part of the bodies of the upper three sacral vertebre appears at 
about the ninth week of fetal life, and between the sixth and eighth month 
for the fourth and fifth sacral vertebrz. The costal centers for the lateral 

arts of the sacral vertebra appear at about the sixth to eighth month of 
life at about which time ossification of the vertebral arches also appear. 
During infancy, the sacral vertebra are separated from each other by inter- 
vertebral fibrocartilages. The lowermost two of these unite at about the 
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eighteenth year of life, and union gradually proceeds so that by adult life 
» the entire sacrum is firmly umited. The sites of these intervertebral fibro- 
cartilages can be observed on sagittal sections of anatomic specimens of — 


the sacrum. Radiologically, they can be identified on antero-posterior tilt-up. 


studies of the sacrum as: horizontally placed, spindle-shaped radiolucent — 
areas, sometimes containing small pets Sept ins nen often at the | 
junctions of the bodies of the first and second sacral segments. Occasionally 


they can be seen also between the second and third sacral segments, but _ 


. are usually smaller than the one above. The vertebral arches unite with the _ 


© bodies of the lower sacral vertebre at about two years of age, and of the — 
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upper segments at about six years. Epiphyseal plates for the superior and 
inferior aspects of the vertebral bodies appear at about sixteen years, and 
epiphyses appear on the lateral aspects of the sacrum at between the 


“eighteenth and twentieth year oS ee ee ape 
«Each cocevgeal segment ossihes from a single center. The first appears 

between the frst and fourth year of life, the second at the fifth to tenth year — 
of life, the third between the tenth and hfteenth year and the fourth between 
the fourteenth and twentieth year. Sometimes the segments may fuse with ~~ 
one another, and then may be identified only by a thin radiolucent line 


between them. 


The vascular supply of the intervertebral disc is of considerable interest, — 
and has clinical bearing on the explanation of changes which occur in these 
important structures, Very early in feral development blood vessels extend 
te the mtervertebral disc and regress equally rapidly. At about the third 
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month of gestation, vessels appear which run parallel to the notochord. 
Others derived from the periosteum also penetrate into the cartilaginous 
lates without entering the central zone of ossification of vertebral bodies. 
hese vessels enter the intervertebral cartilage at regular intervals along 
the rim of the vertebral body, and run in the direction of the nucleus pul- 
posus. These radially placed vessels are responsible for the dentate appear- 
ance of the epiphyseal plates of the growing vertebra and the deep indenta- 
tions which are sometimes seen in the bony vertebral bodies of growing 
children. Zones of calcification and numerous foci of ossification may de- 
velop along these vessels, and these later in life fuse to form the ring apoph- 
yses. Still other vessels emerge from the vertebral body and penetrate into 
the cartilaginous plates directly, forming anastomotic arcades with those 
coming from the periosteum. Regression and thinning of the vascular sup- 
ply to the intervertebral disc begins shortly after birth and continues pro- 
gressively, so that by the age of eighteen to twenty five years most of the 
vessels have practically disappeared. Where these vessels have penetrated 
cartilaginous plates some gaps may result in the chondrification of the 
cartilaginous plates. At the time of complete degeneration of the vessels 
these chondrification cups may be replaced by scar tissue and sometimes 
by calcification. Their importance is that areas of diminished resistance 
appear to the increased turgor of the semi-solid intervertebral disc sub- 
stance, particularly if the disc should be subjected to increased pressure. 
Through these points of reduced resistance nuclear prolapse occurs, forming 
ae Schmorl’s nodes. The nucleus pulposus receives no vascular 
ly directly. 
he only source of nutrition for the tissues of the intervertebral disc 1s by 
diffusion processes through the cartilaginous plates coming from the can- 
cellous vertebral bodies. The ntceverebral disc presents its maximal 
elasticity at about the twenty-fifth to thirtieth year of life. Following this, 
the discs are subjected to the gradual processes of attrition, depending upon 
the strains to which the structures are subjected together with the chemical 
and hydropic constitutional alterations of the cartilage. 

The nace: pulposus of the intervertebral disc is derived from the noto- 
chord. Soon after the notochordal cells are squeezed into the disc, the 
nucleus pulposus grows more rapidly than the annulus fibrosis. The noto- 
chordal cells proliferate in local expansions in the discal centers while those 
in the vertebral bodies disappear. At about 6 months the discal notochordal 
cells begin to degenerate, and clump together to form a mucoid core sur- 
rounded by fibrous tissue and hyaline cartilage cells. Collagenous fibers 
extend into this gelatinous mucoid structure from the adjacent fibrocartila- 
ginous capsule. In the primitive disc the nucleus pulposus 1s centrally 
situated, and the fibroblasts peripheral to it participate actively in the 
formation of the annulus fibrosus. The outer fibrous zone of the inter- 
vertebral disc is differentiated from the hyaline or precartilaginous inner 
zone. Notochordal cells can be demonstrated in the nucleus pulposus until 
adolescent life, and sometimes even later. The nucleus pulposus remains 
centrally situated in the cervical and thoracic regions, while in the lumbar 
discs it is somewhat more posterior. The fibrocartilaginous annulus 
fibrosus is heaviest anteriorly and laterally, while its posterior aspects are 
relatively weaker. Following the avascularization of the disc which occurs 
progressively until the third decade of life, the nucleus pulposus gradually 
is replaced by fibrous tissue, losing its gelatinous consistency. The question 
of innervation of the annulus fibrosus still is under discussion. There is 
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some clinical evidence that these structures have a nerve supply, but until 
quite recently this has been denied. 

The arterial supply to the vertebra, the spinal ligaments and periosteum, 
and the spinal cord and its coverings is derived from branches of the verte- 
bral, ascending cervical, deep cervical and occipital arteries in the cervical 
region, from dorsal branches of the intercostal arteries in the thoracic region 
and from posterior branches of the lumbar arteries in the lumbar region. 
The sacrum is supplied by lateral branches of the sacral arteries. Rach 
spinal artery enters through its corresponding intervertebral foramen, and 
divides into three branches supplying the vertebral arches and ligamentum 
flava (postcentral branch); the spinal nerve, cord and adjacent membranes 
(neural branch); and to the posterior aspect of the vertebral bodies (the 
prelaminar branch). The latter also provides branches which extend to the 
anterior aspect of the spinal canal to anastomose with branches from a 
median artery on the dorsal surface of the anterior longitudinal ligament. 
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Fic. 15.— Diagrams showing the portions of the adult vertebra derived respectively from the 
bodies (yellow), the vertebral arches (red) and the costal processes (blue). (Gray's Anatomy, 
Lea & Febiger.) 


The venous supply of the vertebre and spinal canal drains the spinal 
column, the meninges and adjacent musculature (Harris, 1941). This com- 
plex system is not accompanied by arteries, and is without valves. It 1s 
formed by large plexuses within and around the spinal column extending 
the entire length of the spine. The intraspinal plexuses course in the ver- 
tical direction as four large longitudinal veins, two in front of and two be- 
hind the spinal cord, forming anterior and posterior groups. The anterior 
internal plexus consists of large veins on the posterior surface of the verte- 
bral bodies and the intervertebral fibrocartilages to either side of the pos- 
terior longitudinal ligament. ‘The posterior internal plexuses are situated 
to either side of the midline in front of the vertebral arches and the liga- 
mentum flavum. These communicate with the posterior external spinal 
plexus of veins by channels passing through these ligaments. A series of 
venous rings join the anterior and posterior internal plexuses. The internal 
and external vertebral plexuses anastomose freely with each other, termi- 
nating in the intervertebral veins which accompany the spinal nerves 
through the intervertebral foramen. This system of veins was brought into 
clinical prominence by the work of Batson (1940, 1942), who clearly dem- 
onstrated its role in the spread of metastases to the brain without pulmo- 
nary involvement. 
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In their final forms the vertebral segments are composed predominantly 
of cancellous bone. Only a thin shell of compact cortex pierced by many 
small foramina for blood vessels envelopes the periphery of the vertebral 
bodies. The neural arches and the laminz have a relatively greater amount 
of compact bone. The transverse processes and the spinous processes tend 
to have a greater proportion of spongiosa. 
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FUNCTIONAL ASPECTS OF THE ARCHITECTURE 
OF THE SPINAL COLUMN 


The human spine is composed of 33 vertebre—7 cervical, 12 dorsal, 
5 lumbar—and the sacrum consisting of 5 segments and the coccyx consist- 
ing of 4 or 5 segments. Counting the sacroiliac joints, the posterior inter- 
vertebral joints and the costovertebral joints, there are 97 diarthroses asso- 
ciated with the spine, each with its separate capsule and synovial system. 
All are paired except the joint between the atlas and the odontoid process 
of the second cervical vertebra. 

The first and second cervical vertebra form an articulation with the 
skull, to which they are attached by strong ligamentous connections. The 
occipital condyles articulate with the superior articular surfaces of the 
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lateral masses of the atlas in an arrangement which permits a nodding 
motion of the head. The joint cavities of this articulation communicate 
with the joint between the odontoid process of the axis and the anterior 
arch and transverse ligaments of the atlas. This pivotal joint and the con- 
dyloid joints between the atlas and the axis permit nodding and rotary 
motions of the skull on the vertebral column. ‘There is no intervertebral 
disc between the first and second cervical vertebra, the first disc occurring 
between the second and the third cervical vertebre. Successive inter- 
vertebral discs increase slightly and progressively in size to the lumbosacral 
articulation. Between the bodies of the first and the second sacral vertebre 
one may frequently observe the remnants of an intervertebral disc. A similar 
structure is less often observed between the second and the third sacral 
segments. The remainder of the sacrum usually is firmly welded into one 
mass. The coccyx articulates with the sacrum, and its various segments 
usually are separated from each other by intervening discs of cartilage. 
However, fusion of one or more of coccygeal segments 1s not at all uncommon. 

The ribs, which are attached to the vertebral column by strong liga- 
mentous bands, present two articulations with the vertebral column; one 
between the Roe: of the ribs with the bodies of the vertebra and the other 
between the necks and tubercles of the ribs with the corresponding trans- 
verse processes. ‘These joints are of the gliding or arthrodial type. The 
first, tenth, eleventh and twelfth ribs each articulate with a single vertebra. 
The remaining ribs articulate with the vertebra above and beneath by two 
demi-facets in the posteroanterior and posterosuperior aspects of the verte- 
bral bodies for the respective rib articulations. 

The cervical vertebre are the smallest of the true vertebrz, and are 
easily identified by their contours and the presence of a foramen in each 
transverse process. The first vertebral body is ring-like, and is made up of 
two lateral masses connected by an anterior arch and a posterior arch. The 
outer surface of the anterior arch is convex and presents a small tubercle 
in its mid-portion called the anterior tubercle for the attachment of the 
longus colli muscles. The inner aspect of the anterior arch is concave, 
smooth, and serves as a receptacle for the odontoid process of the axis. The 
posterior arch of the atlas presents a more convex and wider configuration. 
Its mid-portion is tipped by a small process called the posterior tubercle, 
which corresponds to a rudimentary spinous process. In its anterior and 
superior portion, a groove for the vertebral artery and the first cervical 
nerve may be identified. Its transverse processes present rounded distal 
tips, and are broader, heavier and longer than the remaining transverse 
processes of the cervical vertebrz, except for the seventh. The basal por- 
tions of the transverse processes are perforated by the foramina trans- 
versaria for the passage of the vertebral arteries and veins. 

The lateral masses of the first cervical vertebra are rather heavy, and 
present superiorly concave oval articular surfaces for the occipital condyles. 
These surfaces sometimes are slightly constricted in their medial portions. 
The inferior surfaces of the lateral masses bear the inferior articular facets 
which articulate with the axis beneath. These articular facets are circular 
in form, flat or slightly convex, and are directed downward and medially. 
Their structure 1s such as to permit rotary movement of the head. A rather 
heavy ligament passes between small tubercles along the medial margin of 
each superior facet. This divides the vertebral foramen into two compart- 
ments, one for the odontoid process and the other for the spinal cord and 
its membranes. The vertebral canal at this site is quite large, and almost 
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pentagonal in contour, sufficient to permit some lateral displacement of the 
atlas without necessarily compressing the spinal cord. 

The second cervical vertebra, also referred to as the axis or epistropheus, 
is characterized by the presence of the odontoid process which extends up- 
ward from the superior surface of its body. The articular surfaces of the 
lateral aspects of the body of the second cervical vertebra lie rather honi- 
zontally, and present rounded, slightly convex articular surfaces directed 
laterally and upwards to support the corresponding surfaces of the inferior 
aspects of the body of the first cervical vertebra. The transverse processes 
of the second cervical vertebra are considerably smaller than those of the 
first, and are penetrated by a foramen transversarium on each side. The 
spinous process and the heavy lamina of the second cervical vertebra are 
inclined downward and posteriorly. The tip of the spinous process of the 
second cervical vertebra usually protrudes beyond the others, and not in- 
frequently presents a bifid tip. 

A constriction or neck exists at the junction of the odontoid process and 
the body of the second cervical vertebra until about the fourth to sixth year 
of life. This may be seen as a radiolucent band between the odontoid and 
the subjacent vertebral body. The anterior aspect of the dens 1s in fairly 
close proximity to the apposing articular surface of the anterior arch of the 
first cervical vertebra. Radiologically a space of 1 to 2 mm. between these 
two structures may be demonstrated. 

The anterior aspect of the body of the second cervical vertebra slopes 
slightly anteriorly and terminates in a lip inclined downward following the 
contour of the rounded, sloping anterosuperior aspect of the body of the 
third cervical vertebra. 

The seventh cervical vertebra may be distinguished from the other cer- 
vical segments by the presence of a distinctive elongated heavy spinous 
process. The transverse processes of the seventh cervical segment as a rule 
are somewhat more prominent than the others, and the foramen trans- 
versarium in this segment is smaller than those seen in the remaining cervical 
vertebra. 

The remaining cervical vertebre appear fairly similar one to another. 
The vertebral bodies are quadrilateral in configuration with rather curved 
angles. The anterosuperior aspects recess slightly in front of the more 
prominent anteroinferior aspects of these vertebral bodies. The articular 
facets are inclined more obliquely proceeding downward. The laminz are 
practically overlapping and are heavy. The spinous processes are small 
but increase in size proceeding from the third to the seventh cervical verte- 
bre. Their tips may be bifid, or they may terminate in a bulbous or flat- 
tened fashion. The transverse processes are about even in size, and each 1s 
pertorated by a foramen transversarium. 

The thoracic vertebrz are larger in size than those of the cervical spine 
and smaller than those of the lumbar spine. They increase progressively in 
size from the first to the twelfth thoracic vertebrz respectively, and can be 
recognized by facets on their sides for articulation with the mb heads, to- 
gether with articular facets on the transverse processes on all except the 
eleventh and twelfth segments. The pedicles and laminz of the upper 
thoracic vertebrz are directed downward and posteriorly and practically 
overlap one another. In the lower thoracic spine the degree of imbrica- 
tional overlapping of the pedicles and laminz is less marked than in the 
upper region. The spinous processes are heavy, and those of the upper 
thoracic spine are directed obliquely and rather sharply downward. The 
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spinous processes become more vertical in position proceeding down to the 
lower aspects of the dorsal spine. The transverse processes arise from the 
neural arches behind the superior articular processes of pedicles. They are 
directed laterally and backward, and each terminates in a blunt round tip. 
On their anterior aspects one may identify the small articular surface for 
the rib tubercle. 

The first, ninth, tenth, eleventh and twelfth dorsal vertebre vary from 
the others in several respects. On either side of the body of the first thoracic 
vertebra is an articular facet for the first rib, while on its inferior portion a 
demi-facet for the costal articular process of the second rib can be seen. The 
transverse processes of the first dorsal vertebra are quite long. The body 
resembles a cervical vertebra, being quadrilateral and lipped on its antero- 
inferior and anterosuperior portions. The ninth dorsal vertebra has a demi- 
facet on its superoposterior aspect only. The tenth, eleventh and twelfth 
dorsal vertebre present one entire facet corresponding to the articular 
heads of the respective ribs. The transverse processes of these three verte- 
bral segments are rather variable, but usually are short and present no 
articular facets. 

The lumbar vertebrz are the heaviest of the spinal column, and are dis- 
tinguished from the others by the absence of foramina transversaria or 
facets on the side of the body as well as by their distinctive size. As a rule, 
the vertebral bodies are wider from side to side than from before backward, 
and are a little thicker in front than behind. The pedicles are directed 
backward from the upper part of the vertebral body, so that the inferior 
vertebral notches are of considerable depth. The pedicles and laminz are 
dense and strong. The vertebral foramina present a triangular configuration 
and are larger than those in the thoracic spine and smaller than those in the 
cervical region. The spinous processes are thick, broad, somewhat quadri- 
lateral and proyect downward and backward. These end in rough uneven 
borders which sometimes are notched. The superior and inferior articular 
processes of the neural arches are well defined, projecting upward and down- 
ward respectively from the junctions of the pedicles and laminz. The trans- 
verse processes vary in size; the first, second and fourth being somewhat 
shorter than the third. The fifth transverse processes are variable and will 
be discussed further when considering the anatomy of the fifth lumbar 
segment. In the first, second and third lumbar vertebrz, the transverse 
processes arise from the junctions of the pedicles and laminz, but in the 
fourth and fifth lumbar vertebra they are set rather forward and originate 
from the pedicles and posterior portions of the bodies. The transverse 
processes are considered homologous with the ribs. 

The fifth lumbar vertebra is subject to many variations in structure. 
The most common configuration of this segment is one in which the body 
is deeper in front than behind. Its transverse processes, as a rule, are 
heavier than those of the suprajacent vertebra, and in the completely 
normal subject present rather bulbous tips which do not articulate with 
sacrum or iliac bones. The articular facets between the fifth lumbar and 
the first sacral vertebre are very variable even in the normal subject. The 
true vertical placement of the articular facets which is seen particularly 
well between the second and third and fourth lumbar vertebre is quite a 
rarity in the lumbosacral region. In many instances these articular facets 
may be completely coronally placed while in others the articular facets may 
be obliquely situated. Asymmetry between the articular facets on the 
right and left sides is not at all uncommon. The clinical significance of 
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these variations in the apophyseal joints between the fourth and fifth lum- 
bar and the fifth lumbar and first sacral vertebrz will be taken up in a later 
chapter. 

The neural arch of the fifth lumbar vertebra is often subject to variations 
which are probably congenital in origin, although a great amount of dis- 
cussion about the causes for incomplete fusion of the laminz of the fifth 
lumbar vertebra has taken place. In occasional cases similar changes may 
occur in the fourth and to a lesser degree in the neural arches of the other 
lumber vertebra. 

The normal sacrum 1s composed of 5 fused vertebral bodies. It is wedge- 
shaped, with its apex directed downwards. Seen laterally, the sacrum is 
tilted dorsally, and is convex posteriorly. The degree of dorsal tilting 1s 
greater in females than in males. Occasionally, the hese sacral segment may 
be incompletely fused, and this is referred to as lumbarization of the first 
sacral segment. In other instances there may be fusion of the body of the 
fifth lumbar vertebra with that of the sacrum, giving rise to 6 sacral seg- 
ments, a condition often designated as sacralization of the fifth lumbar ver- 
tebra. To either side of the mid-line, both on the dorsal and ventral as- 
pects, are the paired sacral foramina. Between them are transverse lines 
separating the various vertebral bodies. These are not visible on the dorsal 
aspect of the sacrum, and can be identified on the lateral studies only on 
the anterior surface of the bone. As a rule, 4 sacral spinous processes can 
be identified. Beneath the distal one and between the fourth anterior sacral 
foramine the inverted U-shaped sacral cornua can be seen between which 
the sacral hiatus can be identified. The 4 sacral foramina are roughly and 
somewhat irregularly circular in configuration when observed anatomically. 
Their posterior aspects in the dorsal plate of the sacrum are somewhat 
smaller than their anterior fellows. They diminish somewhat in size from 
above downward. Beneath the fourth sacral foramen a notch may some- 
times be observed, corresponding to the fifth sacral foramen. 

The coccyx articulates with the apex of the sacrum which presents a 
small oval flat surface formed by the body of the fifth sacral vertebra. 
The dorsal aspect of the first coccygeal segment presents two upward proc- 
esses referred to as the coccygeal cornua. The coccygeal segments represent 
rudimentary vertebra, as a rule, only the body being present. These de- 
crease in size from above downward and terminate 1n a small, somewhat 
oval flat bone. The first and second, and the second and third coccygeal 
vertebrz are usually united by a layer of fibrocartilage. The third and 
fourth and fourth and fifth segments often are fused. Considerable varia- 
tion in the configuration and position of the coccygeal segments is fre- 
quently observed. 

Twenty-three intervertebral discs unite the vertebral bodies from the 
second cervical to the first sacral segments inclusive, forming a series of 
amphiarthrodial or slightly movable joints. No intervertebral disc is pres- 
ent between the cranium and the first and second cervical vertebrz. In 
adult life the intervertebral discs are avascular and are composed of a sur- 
rounding annulus fibrosus made up of hyaline fibrocartilage enclosing the 
nucleus pulposus, a semigelatinous ovoid tissue whose function is principally 
that of maintaining the elasticity and bending abilities of the spinal column. 
It has been estimated that approximately one-fourth of the length of the 
vertebral column is made up of the intervertebral fibrocartilages. The sizes 
of the intervertebral discs correspond to those of the intervening vertebra, 
so that the upper cervical discs are small while those in the lower lumbar 
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bone of the vertebral body by a plate of hvalne carrilage which in the child 
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vertebral discs, and the diarthrodeses, or true joints, containing synovial 
lining and articular cartilages in capsules formed by the inferior pair of 
articular processes, hooking down behind the superior segments below. 
These are designated as apophyseal, or posterior joints. Small joints are 
present at the posterolateral aspects of the lower five cervical vertebrz in 
the vicinity of the uncinate processes. Originally described by Luschka in 
1858 as true synovial joints, they are important because their relationship 
to the intervertebral foramina is such that any overgrowth may impinge 
into the foramen and compress the contained nerve trunk. Generally they 
are considered true joints, but question as to the presence of a synovial 
lining has been raised at times, and certain authors regard them as degenera- 
tive alterations. Luschka’s joints also are referred to as uncovertebral 
joints, covertebral joints or neurocentral joints. 

Anteroposterior motion of each vertebra takes place about a transverse 
axis near the posterior border of its body. Flexion is checked by the supra- 
spinatous, interspinous and interlaminal ligaments which bind the adjacent 
vertebrz together posteriorly. This is aided to some extent by the liga- 
ments flava, which differ from the other ligaments in that they contain 
elastic fibers. These ligamentous bindings are so firm that except in the 
cervical area acute flexion trauma may result in compression of a vertebral 
body rather than rupture of the posterior check ligaments or dislocation of 
articular processes. Extension of the back is limited by the anterior verte- 
bral ligaments and the intervertebral discs, which remain intact 1n exten- 
sion injuries, the pedicles and lamina suffering fractures as a result of severe 
hyperextension. : 

At the cephalic end of the vertebral column, the intervertebral ligaments 
are represented by the heavy craniovertebral group. In the thoracic region 
the intervertebral ligaments are reinforced by the costo-vertebral liga- 
ments, and at the lumbosacral region the strong lumbosacral, sacro-iltac 
and lumbo-iliac structures help stabilize the vertebral column on the pelvis. 
These groups of ligaments together with the inter-transverse group deter- 
mine the degree of normal lateral motion and rotation of the spinal column. 

The anterior spinal ligament is a heavy, broad band extending from the 
axis to the sacrum along the ventral aspect of the vertebrae. It 1s heaviest 
in its proximal portion, and is thicker where in apposition to the vertebral 
bodies. Its dense longitudinal fibers are fixed more firmly to the inter- 
vertebral fibrocartilages and the rims of the vertebre than to their con- 
cavities. The ligaments at the sides of the vertebrz extend from these, and 
are considerably shorter and less dense. The posterior spinal ligament is 
situated within the spinal canal, extending from the body of the axis to the 
sacrum. It 1s heaviest in the thoracic region. This ligament is in intimate 
approximation to the intervertebral discs, particularly in their midportions. 
On either posterolateral side the ligament thins out, especially in the vicinity 
of the intervertebral foramina, where the discs bulge dorsally to occupy a 
variable portion of the lower half of the foramen. In the thoracic and 
lumbar regions the ligament follows the concavities of the respective verte- 
bral bodies, but is thickened over the median line where it 1s separated from 
the bone by the basivertebral veins. 

The ligamentum flavum, composed. predominantly of yellow elastic tissue, 
joins the laminz and articular processes as a continuous structure formed 
by a medial thicker half uniting the laminz and a lateral thinner portion 
surrounding the articular joints and blending with their capsules. The 
interlaminar fibers are vertically disposed, and are attached inferiorly to 
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the groove on the upper border of the inferior lamina and superiorly to the 
lower half of the superior lamina. Sharp thin spicules and aie of bone 
extend into the ligament from its inferior attachment. These are continous 
ligaments, the inner thicker fibers being vertically arranged and the outer 
thinner ligaments are directed obliquely downward and outward. The 
ligament is so arranged that the inferior half of the lamina is excluded from 
the vertebral canal. Meduially it blends with the opposite side at the bases 
of the spinous processes. The ligamenta flava are then broad and long in 
the cervical region, and increase in thickness caudally. 

The muscles of the back are arranged symmetrically in opposing groups. 
These support the skeletal structures and control the motion of the back 
within the limitations set by the ligaments. Posteriorly the short and long 
intervertebral muscles are attached to the posterior and lateral processes. 
The vertebral-costal, vertebral-iliac and vertebral-sacral groups produce 
extension of the back, and with other coordinated groups, rotation and 
lateral bending. At the cephalic end homologous muscles control the 
motion of the head and neck. Altogether, the muscles form a heavy co- 
ordinated integrated mass making up the posterior wall of the torso. 
Flexion of the back is produced by contraction of the psoas muscles when 
the thighs are fixed, by the anterior and lateral abdominal muscles acting 
through the levers of the thoracic cage and pelvis, and by the anterior neck 
muscles. Rotation and lateral bending are accomplished by coordinated 
action of all groups (Willis, 1944). 

At about the third month of gestation, the fetal spine assumes a single 
dorsally convex somewhat coiled posterior curve. Wincciling begins be- 
tween the third and sixth months, when the movable portions of the verte- 
bral column straighten out and acquire a second ventral curve. At birth, 
a posterior thoracolumbar convexity and a sacral curve are present. The 
head, hips and knees are flexed, and when the face 1s peed: upwards the 
anteriorly convex cervical curve develops. When the infant’s hips are ex- 
tended the lumbar vertebrz are pulled forward by the psoas muscles and 
hip ligaments forming a typical lumbar curve. This does not become 
firmly fixed until the child has been walking for several years. In the adult, 
the cervical spine in the resting position presents a normal anterior curve. 
The dorsal spine then has a slight dorsal curve and sometimes a curve 
convex towards the patient’s right side. The usual lumbar lordotic curve 
is demonstrable in the lateral position. This increases somewhat when the 
patient 1s in the erect posture. 

The vertebral canal follows the various curves of the spinal column. The 
canal is large and somewhat triangular in the cervical and lumbar portions 
of the spine where the degree of movement is greatest. In the thoracic 
region, where motion is restricted, the spinal canal is relatively narrow and 
circular. 

Two types of curves, the primary or accommodation curves, and the 
secondary or compensation curves are encountered in the spinal column. 
Four of these exist in the sagittal plane, convex forward in the cervical and 
lumbar regions and concave forward in the dorsal and sacral ones respec- 
tively. The dorsal and sacral curves are primary, persisting from the em- 
bryonic state. These accommodate the thoracic and pelvic viscera. The 
cervical and lumbar curves are convex ventrally and represent secondary 
curves that appear when the upright posture is attained, and develop by 
changes in the intervertebral discs. The cervical curve appears in infancy 
when ventral flexion of the head on the chest begins at about the third 


44 Normal Spine 


month, and with ability to sit at about the sixth month. This cervical 
curve 1s not fixed, and is present in the upright but obliterated in the 
horizontal posture. The lumbar curve between the twelfth thoracic verte- 
bra and the sacral promontory appears between the ages of nine and twelve 
months, when the child begins to stand and to walk. This curve becomes 
relatively fixed in adult life. The anterior prominence of the cervical curve 
is situated at the body of the fourth cervical vertebra, and the curve ends 
at about the second dorsal vertebra. The most prominent portion of the 
dorsal curve is at the seventh or eighth dorsal vertebra, and its termination 
is at the twelfth thoracic or first lumbar vertebra. The fifth curve occurs 
in the dorsal spine as a lateral secondary or compensation curve. In most 
cases it is directed toward the right, and 1s srebably associated with the 
greater use of the right hand. This is often referred to as physiologic right 
lateral scoliosis. The lateral curves of accommodation have associated 
minor morphologic changes in the bodies of the dorsal and sacral regions, 
while the secondary or compensation curves have associated changes at the 
intervertebral discs. 

A variable flattening of the left side of the dorsal vertebre from the 
fourth to tenth dorsal segments inclusive may exist, forming the so-called 
aortic compression. 

The alternating curves of the vertebral column are largely responsible 
for the strength of the spine, which is estimated as sixteen times that of a 
straight alignment. The curves are so situated as to receive thoracic and 
abdominal organs. 

The intervertebral foramina are oval in shape, and increase 1n size from 
the cephalic to caudal regions. By virtue of the movement of the verte- 
bra they accommodate themselves to the various motions of the spine. 
When the neck 1s flexed the intervertebral spaces are oval and fairly large, 
but in extension the foramina decrease in size as the gliding surfaces of the 
articular facets pass one over the other as inclined planes. In the thoracic 
spine, the intervertebral foramina are relatively small and contain little 
adipose tissue, since little cushioning of the nerve roots is required because 
of the restricted motion of the respective dorsal segments. In the lumbar 
region, posterior extension of the spine causes relative constriction of the 
intervertebral foramina, while anterior flexion increases the diameter of 
these openings. It has been estimated that the spinal nerves occupy about 
one-quarter of the available space of the respective foramina, the rest being 
utilized by fatty tissue, vessels and lymphatics. 
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THE SPINAL CORD 


The embryologic derivation of the spinal cord 1s from the neural groove, 
a structure of ectodermal origin from which the nervous and neuroglial ele- 
ments of the spinal cord appear. The central canal of the spinal cord 
persists as the rudiment of the embryologic neural canal communicating 
with the cerebral ventricles in the same fashion that the spinal cord 1s a 
direct extension of the brain. 

The coverings of the spinal cord are composed of the dura mater, the 
arachnoid and the pia mater. These originate from the primitive mesen- 
chymal tissue surrounding the nervous system, and are derived from the 
same tissues which form the bone and periosteum. In the embryo the dura 
is separated from the nervous system by loose mesenchymal tissue contain- 
ing albuminous tissue fluid. The pia mater is formed by mesenchymal 
cells on the surface of the neural tube. At the onset of secretion of the 
cerebro-spinal fluid, excess fluid passes into the tissue spaces separating the 
two leaves of the arachnoid into the subarachnoid spaces. Arachnoid 
trabeculz extend from the pia to the peripheral portion of the dura. The 
dura and arachnoid are separated by a thin space containing a small amount 
of colorless fluid, presumably of lymphogenous nature. 

The spinal ond originates as an open groove which later closes to form 
atube. The distal portion of the spinal cord, however, develops differently 
in that it starts as a solid cord of cells rather than a closing or closed neural 
tube. The central canal in this area is present as a secondary structure 
rather than as a result of the closing of the original neural groove. Up to 
the third month of fetal life the spinal cord is about the same length as the 
spinal canal. During the subsequent growth of the fetus, there is a dis- 
crepancy in the growth of the spinal canal as compared with the spinal cord. 
The filum terminale then appears and inserts itself into the sacrococcygeal 
region. In the adult the filum terminale consists of an intradural portion 
about 1 cm. long and an external portion about 12 cm. long extending 
below the caudal sac and inserted in the first coccygeal segment. At birth, 
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the lower pole of the spinal cord, as a rule, is located at approximately the 
level of the third lumbar vertebra, while in the adult it usually reaches the 
level of the superior margin of the second lumbar vertebra. 

During the early stages of development, the dura mater is in close prox- 
imity to the spinal canal. Later these structures separate and the epidural 
space is formed. This space becomes filled with areolar tissues and vessels, 
predominantly large veins. The dura is attached to the intervertebral discs 
in the lumbar region. In the sacral areas the dura is separated from the 
anterior wall of the spinal canal and merges itself with the filum terminale 
and fastens with this structure to the anterior part of the sacral canal. 
Considerable variation is seen in the configuration of the distal end of the 
caudal sac, and individual differences are noted in its point of termination, 
which usually is at approximately the level of the fifth lumbar interverte- 
bral disc. 

The spinal dura mater is fixed to the circumference of the foramen mag- 
num and the second and third cervical vertebre. It represents only the 
inner or meningeal layer of the cranial dura mater. The outer or endosteal 
layer of cranial dura mater terminates at the foramen magnum and is re- 
placed by the periosteum lining the vertebral canal. The dura is connected 
to the posterior longitudinal ligament, especially at the distal portion of the 
vertebral canal by fibrous tissue. The dura is quite loose and permits 
ample space, particularly in the cervical and in the lumbar regions. In the 
dorsal region, however, the dura is more closely affixed to the spinal canal 
and the intradural space is considerably less than in other areas. On either 
side of the dura are the extensions which invest the corresponding spinal 
nerves. These are short and relatively horizontal in the uppermost portion 
of the spinal canal, particularly in the cervical and upper dorsal vertebrz. 
As the cord proceeds downward, they become gradually longer and are 
directed obliquely downward, extending in some instances into the verte- 
bral canal for varying distances. The dura is only poorly supplied with 
blood vessels and contains a relatively scant supply of nervous tissue. 

The arachnoid coat of the spinal cord is composed of tubular delicate 
membranous tissue continuous above with the cranial arachnoid. In its 
distal portions, it surrounds the cauda equina and the various nerve roots 
forming this structure. The arachnoid coats the spinal nerves in loose 
sheaths and extends with them as far as their points of exit from the spinal 
canal. The subarachnoid space in which the cerebro-spinal fluid circulates 
is that area between the arachnoid and the pia mater. This space is occu- 
pied by delicate connective tissue in a spongy conglomeration, permitting 
many intracommunicating channels. It is in direct communication with 
the subarachnoid space of the brain and the ventricular system. On either 
lateral aspect of the spinal cord are the dentate ligaments, composed of a 
narrow fibrous band extending through the entire length of the spinal cord. 
These separate the anterior from the posterior nerve roots a are fixed 
into the pia mater in broad triangular bands and terminate in the opposite 
arachnoid in sharp, tooth-like processes, fixed at intervals to the dura mater. 
There are 21 dentate ligaments on either side, the first being attached to 
the dura opposite the margin of the foramen magnum between the vertebral 
artery and the hypoglossal nerve and the last situated near the distal end 
of the spinal cord. 

The pia mater is a thin delicate vascular membrane formed by areolar 
tissue, and in the spinal canal consists of two layers. The outer one is com- 
posed of bundles of connective tissue fibers arranged in a longitudinal 
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forming the cauda equina. The filum terminale blends with the dura mater 
at the level of the second sacral vertebra and then proceeds downward as 
far as the coccyx, where it fuses with the periosteum. 

There are 31 pairs of spinal nerves arising from the spinal cord. Each 

ossesses anterior or ventral and posterior or dorsal roots, the latter being 
identified by the presence of spinal ganglions. There are 8 pairs of cervical 
nerves, 12 pairs of thoracic nerves, 5 lumbar nerves, 5 sacral nerves and 
1 coccygeal nerve. The first cervical nerve passes between the occiput and 
the first cervical vertebra, and the eighth emerges from between the seventh 
cervical and the first thoracic vertebre. The first thoracic pair of nerves 
goes through the foramina between the first and second thoracic vertebra, 
and so on downwards. Thus, the nerves below the cervicothoracic junction 
have the numerical designation of the vertebra immediately cephalad, as, 
for instance, the fifth lumbar nerve coming out from between the fifth 
lumbar and first sacral vertebrez. Even though there is no anatomic evidence 
to point towards specific segments in the spinal canal, it has become cus- 
tomary to divide the cord into spinal segments or neuromeres, each of which 
possesses length equal to the extent of the attachment of the corresponding 
pair of spinal nerves. These vary in various portions of the spinal canal. In 
the cervical region the neuromeres average about 13 mm. in length, in the 
midthoracic region about 26 mm. in length, while in the lumbosacral regions 
they diminish rapidly from 15 mm. at the level of the first lumbar nerves 
to about 4 mm. opposite the attachment of the lower sacral nerves. The 
configuration of the nerve roots vary considerably in relation to their situa- 
tion within the spinal canal. In the uppermost portions of the canal the 
nerve roots are short, relatively fixed in position and emerge almost hori- 
zontally. In the lumbar and sacral areas, the nerves are inclined progres- 
sively downward so that in the distal portions of the spinal canal they 
emerge almost vertically to reach the intervertebral foramina. In the 
lumbar portion of the spinal canal the appearance of the spinal nerves has 
given rise to the descriptive term cauda equina. 

The spinal cord itself is rather oval and flattened dorsoventrally, and 1s 
relatively larger in the cervical and lumbar regions than in the thoracic 
region. The cervical enlargement which is the more prominent extends 
from approximately the level of the third cervical vertebra to the second 
thoracic vertebra, reaching its widest diameter at the sixth cervical seg- 
ment. The lumbar bulge begins at approximately the level of the ninth 
thoracic vertebra and terminates opposite the twelfth thoracic vertebra. 
Below this the cord tapers abruptly forming, the conus medullaris and the 
flum terminale. 


INTRASPINAL DIMENSIONS. 


The volume of the spinal cord is difficult to evaluate accurately because 
it changes with varying conditions. During strain vascular dilatation 
produces diminution in the subarachnoid space, displacing cerebrospinal 
fluid during the period of vascular engorgement. Alterations in the align- 
ment of the vertebrz also causes corresponding impingement into the spinal 
canal. The relative position of the spinal cord varies during motion, and 
with the assumption of various body postions. Arnell (1948) described the 
apparent descent of the cord when the individual is recumbent, and its 
approach to the dorsal aspect of the dural sac in the supine position. A 
lesser degree of displacement of the cord from side to side occurs when the 
right or left lateral recumbent position is assumed. Flexion and extension 
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of the head and trunk stretch all segments of the spinal cord, most promi- 
nently in the cervical region and least in the caudal area. A lesser degree 
of change 1n position occurs during flexion of the head and trunk, and elonga- 
tion of the cord takes place through traction on its nerve roots during move- 
ment of the extremities. 

The subarachnoid space varies according to its situation in the spinal 
canal. In the cervical area the dural sac follows the cord contours rather 
closely, being flattened dorsoventrally. In the thoracic spinal canal the 
dura assumes an almost circular configuration, and as it invests the cord it 
is smaller than in either the cervical or the lumbar area. In the lumbar 
spinal canal the dural sac is triangular in the cephalad segments and almost 
pentagonal in the last two caudad vertebra, with rounded angles following 
the general configuration of the region. The sacral dural envelope again 
becomes almost circular, but considerable variation in size and contour 
occurs here. 
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Fic. 19.—A, Vertebral canal showing lowering end of medulla spinalis and the filum terminale. 
B, Cauda equina and filum terminale, see from behind. C, Diagrams of the spinal card indicating 
positions of cervical and lumbar enlargment. (Gray's Anatomy.) 
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The dimensions of the cervical spinal canal in the sagittal plane vary from 
between 16 and 30 mm. at the first cervical vertebra. The second cervical 
segment averages between 14 and 28 mm., and the third from 12 to 24 mm. 
The remaining segments vary from 12 to 22 mm. in depth. The average 
values are 22 mm. at the first cervical vertebra, 20 mm. at the second and 
about 17 mm. from the third to the seventh cervical vertebra. The sub- 
arachnoid space in the lower cervical canal anteriorly is approximately 6 mm. 
and posteriorly 4 mm. The thoracic spinal canal is approximately 17 to 
22 mm. in diameter, and the subarachnoid space is approximately 8 mm. 
anteriorly and 4 mm. posteriorly. The lumbar spinal canal varies from 
approximately 18 to 25 mm. in its sagittal diameter for the upper there 
lumbar segments. Below this it diminishes somewhat to approximately 
20 mm. In the upper lumbar canal the subarachnoid space is about 8 mm. 
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anteriorly and 4 mm. posteriorly. Beneath this is the cauda equina, where 
the sagittal depth of the subarachnoid space varies from about 16 to 23 mm. 
(Arnell, 1948). 

he normal range of interpedicular measurements in adults was estab- 
lished by Elsberg and Dyke (Fig. 20). Similar values were determined for 
infants and children by French and Peyton (1942), who published two sets 
of curves for infants from birth to five years and from five to ten years of 
age. A more detailed survey was made by Simril and Thurston (1955), who 
found that three groups could be established, from birth to two months, 
from two months to two years and from two to twelve years. Landmesser 
and Heublein published a convenient table of measurements in children 
from one to fifteen years of age (Table 1). 
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relationship between the tip of the odontoid process and the base of the 
skull is of importance in the diagnosis of basilar impression. A line drawn 
between the dorsal aspect of the hard palate and the posterior rim of the 
foramen magnum (Chamberlain’s line) passes above the odontoid tip under 
normal conditions. If the odontoid extends above this line some degree of 
basilar invagination presumably is present. Occasionally a variable radio- 
lucent notch-like shadow appears in the medial portion of the articular mass 
of the atlas, caused by the margin of the medial tubercle of the lateral mass 
continuous inferiorly with the articular surface of the inferior articular facet 
and laterally by the concavity of the superior facet. This is attributed in 
part to the nutrient artery entering the atlas just posterior to the medial 
tubercle (Meghrouni and Jacobson, 1959). Another variable structure of 
anatomic interest is the presence of an anomalous ossification center in the 
oblique atlanto-occipital ligaments. When this calcifies a bony arch is 
formed which encloses the posterior atlantoid foramen and through which 
the vertebral artery and the suboccipital nerve passes. Pyo and Lowman 
(1959) found this to be present in 12.6 per cent of normal skulls. In 4 per 
cent of their series of 300 skulls this structure was unilateral. In some in- 
stances complete arching was present while in others the fusion was incom- 
plete. A wide range of anatomic variation in the “ponticulus posticus”’ was 
found to be existent. 

As seen in the lateral projection, the antero-inferior aspect of the second 
cervical vertebra frequently overlaps the corresponding superior surface of 
the body of the third cervical vertebra. Similar change of lesser degree 
may be observed between the third and fourth, fourth and fifth and some- 
times between the fifth and the sixth cervical segments. The tips of the 
transverse processes of the cervical segments also overlap the anterior 
aspects of the bodies of the cervical vertebrz and the respective interverte- 
bral discs. These overlapping shadows may be distinguished on oblique as 
well as the lateral roentgenograms of the cervical spine. The foramen 
transversarium of the second cervical vertebral transverse process overlying 
the anterior aspect of the inferior margin of the second cervical vertebrz is 
frequently visible and the corresponding foramina of the transverse processes 
of the third, fourth and fifth cervical vertebra may also be demonstrable 
in the lateral view. The intervertebral foramina are best observed on 
the oblique roentgenograms, preferably right and left anterior oblique 
stereoroentgenographic studies. On these the foramina on the side near 
the film are visualized. Rarely, one may observe an additional unfused 
epiphysis on the inferior lamina of the lowermost cervical vertebra, or a 
pedicle may reveal a thin cartilaginous line. These should not be confused 
with fractures. 

The relative positions of the cervical vertebral bodies in flexion and ex- 
tension may vary considerably in different individuals, depending largely 
upon the body habitus and muscular propensities of the individual. Thus, 
a patient with a long slender neck may show a much greater degree of 
flexion and extension than a short stocky individual with a short neck. 

During flexion and extension the articular facets of the cervical vertebrz 
glide forwards and backwards, resulting in the normal individual in rela- 
tively smooth spinal curves. The range of sliding of the various cervical 
facets is progressively more pronounced in the articulations between the 
second and third, the third and fourth, the fourth and fifth and sometimes 
in the fifth and sixth cervical neural arches. In viewing flexion and exten- 
sion studies of the cervical spine it should be kept in mind that these mo- 
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tions produce relatively parallel change in the alignment of the respective 
speculate surfaces with a slight forward position of the upper segments. 
Even small changes in these articular spaces under various types of stresses 
and strains may be of clinical importance in evaluating the possibilities of 
injuries with consequent subluxations. 

In viewing studies of the cervical intervertebral foramina, one must keep 
in mind the position of the head during the exposure. With the patient at 
rest and the Kead in the neutral position, a properly exposed and positioned 
film will show each intervertebral foramen from the second down to the 
upper thoracic region as symmetric, smooth, somewhat oval shadows. 
Films made with the head bent forward and either elevated or depressed 
may cause variations in the configuration of the intervertebral foramina in 
the middle and lower cervical regions. Such distortions should not be con- 
sidered of a pathologic nature. In addition to this, one not unfrequently 
observes a rather prominent shadow corresponding to the articular facet 
between the fourth and fifth, fifth and sixth and occasionally between the 
third and fourth cervical vertebra2. These appear to impinge into the dorsal 
aspect of the respective intervertebral foramina. However, studies made 
on the same patient in the proper position show that these shadows are 
variable, and they should not be given pathologic significance. 

In the lateral projections, the position of the spinous processes sometimes 
form an indication as to restriction or unusual degrees of mobility of the 
cervical spine. Under normal circumstances, the tips of the spinous proc- 
esses of the middle group of cervical vertebrz are practically in opposition 
to each other with the head in extension. In flexion a definite separation 
of the various spinous processes occurs. Their tips present characteristic 
configurations, that of the second being bulbous and prominent, the third, 
fourth and fifth being shorter and smaller, the sixth larger in size, while the 
seventh is the most prominent of the group. The tips of the spinous proc- 
esses not infrequently are bifid and pepaiae On routine roentgenograms 
of the cervical spine, these structures may be obliterated by overpenetration 
because of their relative thinness. However, this can be minimized by 
viewing the films through a bright light, or if structural changes are sus- 
pected, underexposed roentgenograms may prove helpful. They may be 
identified on anteroposterior films as tear-shaped shadows with calcific rims 
lying in the midline at a point beneath the inferior margin of the vertebra 
of origin. The transverse processes of the first cervical vertebra are blunt 
and heavy, and are pierced by the foramen transversarium. The trans- 
verse process of the second cervical vertebra usually is considerably smaller 
and anterior in its position, so that on oblique roentgenograms it may lie 
in front of the body of the second and third cervical vertebrze with the 
foramen transversarium overlapping or in front of the anterior aspect of 
the second cervical vertebra. Over e the posterosuperior aspects of the 
vertebral bodies may be superimposed the shadows of the pedicles. The 
shadows of the tips of the transverse processes may appear somewhat in 
front of the respective anterior margins of the vertebrze because of their 
foward inclination. 

Flexion and extension studies of the cervical spine are essential in study- 
ing the gliding motions of the vertebral bodies upon each other as well as 
the changes in the relative position of the articular facets. The range of 
motion is variable, being greatest in thin individuals with long necks. 
There is a slight forward motion of the inferior aspects of the second to sixth 
cervical segments in extreme flexion, with a corresponding shift of the 
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cand: should he <ceutinized as part of such examinations. The deminnstras: 


tron of incomplete. fusion of the: spinous processes ‘at the, dipper: dorsal seR- 
“ments 18 nat at ail uncomioion and as ‘of ne: pathologic imppctances 
 lnchiidren and adults, examination of the dorsal Spine is: ipially- accom Ree 
phahed by. Se ata taceral RENE RE NORTON: _Steroscopic views 
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“are! ave ‘Whebever ‘detail. as to cantiparasion: of he eee: or shee? 


vwenral arches is deswed. In addition, tr is sometimes found adva antareous 

to obtain obligate: themgenograms ‘of the dorsal spite when infetmation con 6. 
cerning: the eostovertebiral: articulations, OF the articular faceess ABS required. eRe a8 
| In obraining: the SNTETU POSTE tor. ‘VIEWS of che theracte spines’ the: infiuence tre vies 
of the difference an die anteroposterior, diameter af the lower half of the . 
chest compared: with, the. upper half muse ‘be: aken inte. seckuntc Ae ig OS 
sometnnes ‘advisable « co ubran studies. of the apper ralf xed lower half ak thee 
dorsal spine on ‘separate Alms aod the use'of cane-dawn: rovntgenoerams for. 


ane shane eae detail is: S ady ocated: ‘Laretal, poegenop: ais: coe. the des 





- Radioligic Examination of the Normal Spine ee HORS 


& ~ dorsal <n all. usually: wisualine’ che shod ta) “hes terith Ansa: vertebra: | 

ee EY adequardy. hpectal- technics, hawever, ate required: for the proper. 

cee demouserarion: ‘of the firsr, second and ‘third thoracic. vertebrae. In such” 
i ~ studies: acmodified oblique projection ts utilized, the Jower cervieal and. 


apper, dorsal segments being, seen, through: the ehorach te inlet. E have found © is 
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ee Shae ipnnvaeramne: i frhen upper Pdarea abe in ike sates eae W sometimes aoe 
portray these structures to. Better advantage than the fourite Shite os 


“othe evaluation: of the lower darsal “SeRMENTS, OnE Most “cansider: the pS oe 
pasitien af the: diaphragm and the abdominal viscera. fo these: ‘eyerlap the: 


toner dorsal vertebra, a technic. whieh shows: the GG A thoracie Yee N 2 aS 


segments, are ereuired. 
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— felative lack of motion in these joints. 


| Be Se ss ‘Normal: ‘Thoracic Spine 


lt is not necessary to. rep at. he uiacoment details shies roid the dorsal . 
vertebrae different from the remarmder of the spinal column. It should be 


prealies however, that ehe spinal canal in thé dorsal area is circular in con- 


ee figu uration and smaller than seen either in the cervical or lumbar regions, 
The marked. thickness of the neural arches of the dorsal spine together with 
_ the overlapping of these structures should also he recalled, The spinous 
Processes of the: dorsal: apine avé also. different from. thas. of the remainder 


_ of the vertebral column and the difference tn she configuration may ee 
pee serve tO idenufy the: respective thoracic vertelrr 2) Coes 
The intervertebral foramina of the darsal spite. are rdatively ereailer eee 
: than. either the cervical ar Hombar.incervertebral, fora amina. Relatively 





gies at. eae t abit B, Lambar vertebra: in normal ‘neoharde ahaa ae the. ariabitity. te: 


ne bento vhe & Padingt Me, one ncurocentral synchondrases;, the sasenlar anaes ann the. katie este 





| ace dikes si tissue is contained’ in hed inters -coebeae aeaiatie bf tke ways 2 
spine, since Tiere. -prorection. ‘Of: the. REEVE root, 1 : required: because oF the. 


On examining the roentgenograms: ae nian: ied sometimes ‘children, 
one. not infrequenrly observes the presence of notches in the mid-portions 
of the bodies of the lower dorsal vertebra. “The unreziat norches usually 
disappear by the frst vear of. life, but the: POSTETIOR : motches may persist. 
even. into adult life. “These markings are due to the presetice of sinusoidal - 
“-yenous reservoirs: ‘Jocated: avethin the SpOnBIOSS of she, ‘vertebral: body, ee 
markings, are not of clinical iiapertance. 
Begining at. appraximarely the sixeh 3 year oF life a ‘fing apoph ysis appears 
on the superior and inferior surfaces of the middle and lower thoracic verte-_ 


bre and the. mapper vhree: or four, damibar’ vertebfas Oécasionally - such 


ae spaphisres, alo:  BppeRS In: v the: Jower wervical and BRREE: Bion FORIOT A 
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‘These are represented as incomplete chin cms of bene slightly apart from . 


eet 


the vertebra, visible both ui the lateral amd anteroposterinr views. Ossifie9 0 0 
Cation af theet structates 4s most pronouticed ar about the age of thirteen 0000 
- years, aitd fusion with the: verrebral bodies occurs hy the time the patient: < .— 

Teaches the age al eighteen. These structures le outside the true vertebral *~ 
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epiphyseal plates and maimtain their own rate of growth, unassociated with, 
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ooTnspection of the paravertebral regions on anteropostetior roentgeno~ 
geargs af the dorsal spine ts ofren-of Gudsidecable clinical importance. To. 
the left of the thoracic vertebreone can quite frequedely dbserve aloe at ~ 
inereaséd density, This is more often present on the left than on the right’. 
side, and may extend from the level-of the fourth? rhoracic wertebra to 0 
“appromimarely the lewrh of tenth orclevench dorsal vertebra, “Tehas been.” 
. seéstablished ‘that this tine represents the reflection of the medial pleura of 
“the left lung when-seen on the lefr side... In this sicuation it should be differ 
—eptiated from the rhargin af the descending thoracic acrta which usually ~~ 


















soe | Normal Lumbosacral 'S PRES 


as it comes tt approach the? fepian: of he: aortic ‘hibrus: ‘of: the diaphragm 
- fn-the lower right thorax, because of shelving s characteristics of the postero- 
medial aspect of the lung: due to the presence of the azygos vein, the right. - 


_ <posteromedial, pleural line is usually not as apparent, and may appear to 
he cCantinuaus with the: shadow: of the ee bidscle hielow the ughes eres of: soars 
othe dhaphragm. (Lachman, {942.5 ° SA 4 


Attention is again called to: rhe necessity of sctusiniziog babehally: dar | 
par ‘of. pettieles: im the dorsal spme.as well a¢110 ‘the wither ofeds of: athe’ 
vertebral ced intn Widening 6 of the inverpedicutar API e as measured he ‘ 
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| “tween rebea janermose, _ portions aE she: respective pedicles may provide Sipe: a 
| cmficant: diagnostic. information. In wew of the relative frequency of spynal 
ord tumors tn the thoracic area, these Strlictiires Assit an, OBOE Lane if 
owhich should be clearly recognized, A , one 
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1 geben: is largely accomplished: with antemposcerior and faceral’ roente 


genogtams, € Sblique ToRntgenograms may be taken a there is any question 
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: appearance wrth. a epee by. i ariel sneenur: gan: pns stetior wall, the: a 


-- pearance of the vertehral bodies varies. considerably in normal. infants. — =4f: 


some instances the: remivants. aot ro center: 7 ossification: may be seen. 1 the 
wmiddle ga she: Epon oa. a he vertebral ROBIES 9 while © uheit peripheries are, 
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thin apd sharply defined. In others the vertebral bodies present plates of 
‘dense bont in theic supenor and infenor aspects, separated by less densely 
calcified spongiosum. Fissures are seen at the middle of the anterior and 
- posterior aspects of the middle and lower theracie yertebre and the upper 
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70 Normal Lumbosacral Spine 


lumbar vertebral bodies corresponding to sinusoidal venous reservoirs. The 
neurocentral arches are incompletely fused, the pedicles are relatively heavy 
and the laminz are well formed but are poorly seen because they are still 
largely cartilaginous. The spinous processes, being unossified, cannot be 
well demonstrated. 

On the lateral views there is usually a slight lumbar curve convex anteri- 
orly at the lumbosacral junction. The intervertebral discs are relatively 
large and are wider at their anterior and posterior aspects. The interverte- 
bral foramina likewise are quite large. The spinous processes are not 
visible. 

The intervertebral discs increase in width slightly from the upper to 
the lower lumbar areas. At no time have I seen a narrowing of the lumbo- 
sacral interspace in the newborn period. The bodies of the sacral vertebrz 
are separated from each other by intervertebral discs which are better 
identified on lateral than on frontal radiographic examinations. In the 
newborn period the transverse processes may be unfused with the vertebral 
bodies, and are paired off in relationship to each of the central five structures. 
The first segment of the coccyx may be ossified at birth, but the remaining 
coccygeal components usually are not visible in the newborn. The dorsal 
plate of the sacrum, corresponding to the neural arches, can be identified 
on lateral films, and likewise are separated by radiolucent cartilaginous 
bands. 

During childhood the ossification of the lumbar vertebre proceeds 
slowly. By approximately the third to fourth year of life, the neurocentral 
synchondroses fuse with the vertebral bodies. The ossification of the 
neural arch proceeds so that articular facets and laminez become increasingly 
visible because of the increased calcium content. The spinous processes 
likewise begin to appear radiologically and are quite well seen by the time 
the fifth or sixth year has been reached. The anterior sinusoidal venous 
channels gradually vanish, while the posterior counterparts may remain 
visible well into adult life. 

Radiologic examination of the lumbar spine from childhood to old age 
may be accomplished in a variety of ways, each designed to provide informa- 
tion concerning some specific point. A routine roentgenographic examina- 
tion of the lumbosacral spine should consist of anteroposterior and lateral 
views, and when indicated oblique views for demonstration of the articular 
facets and the neural arches. If information concerning the mobility of the 
spine is required, studies may be made in the erect frontal views with the 
patient bending sharply towards the right and left side for demonstration 
of change in the interspaces between the various lumbar vertebre. Addi- 
tional lateral studies should be made in flexion and extension. A variety 
of views have been proposed for examination of the lumbosacral articulation, 
sacrum and sacro-iliac joints. The author believes that this is best accom- 
plished by means of cone-down roentgenograms in the lateral and oblique 
projection, centering on the lumbosacral articulation or midsacrum as 
required and with so-called “tilt up” views of the sacrum and lumbosacral 
joints in the anteroposterior position. The latter have to be made with 
consideration of the configuration of the sacrum in the particular individual. 
As a rule, it 1s possible to obtain a study of the sacrum in which the inter- 
vertebral foramins are rendered as circular or almost circular shadows if the 
tube is tilted approximately 15 to 25 degrees towards the patient’s head 
with the central ray passing through the body of the first sacral vertebra. 
Stereoscopic views of the lumbosacral spine and the sacrum have been found 
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hfth lumbar vertebra and fifth lumbar and first sacral vertebrae were advan- 
tageous from a mechanical point of view, while an anteroposterior position 
(coronal articular facets) was a predisposing factor to weakness of the 
structural function of the lower lumbar spine and might be a causative 
factor in the production of pain. He was of the opinion that mixed or 
asymmetrical articular facets in the lumbosacral spine predispose many 
people to pain because of weakness of structure. The saeidence of pain was 
found to be more frequent in people with narrow lumbosacral interspaces 
in a ratio of 4.5 to 1 by Hodges and Peck (1937). In individuals with low 
back pain developmental anomalies in the lumbosacral region occurred with 
an increased frequency of 2 to 1. On the other hand, Mitchell (1934) 
mentioned that asymmetry of articular facets of the lumbosacral spine was 
favorable in that it permitted a certain degree of rotation, whereas purely 
sagittal or coronal arrangements prevented such movement. It was his 
opinion that arrangement of articular facets in a coronal plane caused these 
to impinge upon one another so that any tendency towards forward slip 
was inhibited. 

Pheasant and Swenson (1942) concluded that the lumbosacral articula- 
tions in normal individuals were arranged most frequently in an oblique or 
coronal place. Purely oblique or sagittal planes of articulation were not 
encountered. Roentgenologically the facets may appear to be situated 
coronally or sagittally depending on which component predominates. They 
concluded that asymmetry of the lumbosacral region occurs in approx- 
imately one-twenty-fifth of all human spines, varying in degree and accom- 
panied by alterations in force transmission of varying significance. 

It is the author’s observation that narrowing of the lumbosacral inter- 
space in itself 1s not of any clear-cut diagnostic significance. It has also been 
my experience that the demonstration of articular facets of the lumbosacral 
junction in an oblique or sagittal plane does not necessarily indicate the 
cause of the patient’s complaints. A review of a long series of spine studies 
in patients admitted for conditions other than back pain, as for instance for 
intravenous urography or gastro-intestinal complaints, showed that many 
normal individuals present minor congenital variations at the lumbosacral 
articulation. I do not, therefore, give great significance to the demonstra- 
tion of a narrowed lumbosacral interspace or to variation in articular facets 
between the fourth and fifth lumbar and fifth lumbar and first sacral seg- 
ments as a definite cause for pain. In those instances the cause for pain 
must be sought for in a disturbance which may not be visible on plain 
roentgenograms. The first thing that comes to mind in such circumstances 
is the possibility of torsional and stress disturbances of the soft tissues of the 
lower lumbar and lumbosacral articulations. The possibility of disease of 
the intervertebral disc especially discal herniation must be considered with 
recurrent pain, especially if radicular symptoms are present. 

Congenital malformations of the neural arches of the first, second or third 
lumbar vertebre are infrequent. An exception is the demonstration of 
small fissures across various portions of the arch or the articular facets, 
usually across the distal portion of the inferior articular facet. In 1939, 
Hipps had the opportunity to examine such an anomaly at operation. 
Microscopic and gross studies of this anomalous bone showed that the 
zone of rarefaction was not a fracture, but a developmental abnormality 
in the nature of an apophyseal line. This fissure line was found to be 
composed of hyaline cartilage, and the microscopic picture of this region 
ruled out the possibility of an ununited fracture, or so-called ‘‘Umbauzon.”’ 

5 


Fa ak 
a ew 


“eo 





| ok facets . ave pana Seed Sc 

‘ ‘snitk thaae eKeben tbe Paes sad fits fiahie HO cert ibis e. are Sis site. Tike ai wed wi Hath. pre ndétmial. 

Band C, Right and left anterior ab} jae: views. The ote t Henrie? ae ees hetiveest es 
the fourth and fifth lumbar verieince ig net ee 2 

Ath dumbar eo. tise eva Maer | 5 

ie infenor ATHE: 









Radiologic Examination of the Normal Spine 75 


According to Hipps these fissures represented failures of fusion of one of the 
normally present ossification centers lying at the base of an articular facet. 
In a review of the literature, he found that the lesion was usually unilateral, 
but occasionally bilateral, and was more often observed on the nght than 
on the left side. The superior articular facet was rarely involved and most 
cases were seen in the second and third lumbar neural arches. Males were 
more frequently affected than females. His fgures were approximately the 
same as reported by Farmer in 1936. 

Oppenheimer (1941, 1942) also studied fissure formation in the vertebral 
articular processes and pointed out that they may occur in the lamina, in 
the isthmus between the superior and inferior articular processes, as well as 
at the tips of the inferior articular processes of the lumbar vertebre. In 
general each articular process has one ossification center for its main part, 
and sometimes a second one for its tip. In most instances the articular seg- 
ments which consist of the superior articular process, the isthmus and the 
inferior articular process, have two constant and two inconstant centers. If 
the bones arising from a center fails to unite, the cartilaginous layer be- 
tween may be seen roentgenologically as a radiolucent streak. Rarely, 
additional centers of ossification may exist. A longitudinal line may extend 
from the isthmus through the articular process dividing the latter into 
halves, indicating that each articular process may have three ossification 
centers —two in its main part and one 1n its tip. Together with the ossicle 
at the isthmus recorded 1n this communication by Oppenheimer (1942), the 
number of separate bones in each articular segment may total seven. This 
phenomenon should not be confused with fracture lines. 

The angle of inclination which the sacrum assumes in relationship to the 
lumbosacral articulation is of clinical interest. It was pointed out by 
Ferguson (1949) that the normal angle formed in the horizontal plane with 
the articular surface of the first sacral segment is 34 degrees as seen on a 
true lateral film. If this angle is significantly exceeded, it is Ferguson’s 
opinion that instability of the lumbosacral junction exists. 

Anomalies of articulation of the fifth lumbar vertebra in relationship to 
the first sacral segment are frequent. One often observes a transitional 
fifth lumbar vertebra in which one or both transverse processes as well as 
the inferior aspect of the body partially fuses with the sacrum, giving rise 
to the so-called “‘sacralized fifth lumbar vertebra.” The opposite process 
in which a first sacral segment is significantly separated from the remainder of 
the sacrum and is referred to as a lumbarized first sacral segment. Indeed 
it is not at all infrequent to observe individuals who apparently have 6 
lumbar vertebrz. In such instances it is preferable to designate the distal 
lumbar segment as the first presacral vertebra. If it is desired to definitely 
establish whether or not such a transitional form exists, a count of the 
entire spine from the first cervical segment down is necessary. 

The structure of the transverse processes of the fifth lumbar and first 
sacral segments often is of eR debe interest, particularly if articulations 
are formed between the tips of the transverse processes of the fifth lumbar 
vertebrz and the adjacent sacrum and iliac bones. It is generally believed 
that if this change is bilateral, no weakening of the lumbosacral articulation 
exists. However, if it should be unilateral, changes in stress may result in 
painful syndromes and arthritic manifestations may appear. In my own 
experience such changes have often been observed in patients who had no 
symptoms whatsoever, and unless examination fails to disclose any other 
reason for pain in the lumbosacral region, I would hesitate before deciding 
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(1946) found that pre-employment spine roentgenograms helped to reduce 
the incidence of back strains by enabling each person to enter a job suited for 
his own physical capacities. Barton and Biram (1946) reported on routine 
anteroposterior and lateral roentgenograms of the lumbosacral regions in 
1,000 consecutive preplacement examinations. They found 856 defects in 
498 patients, and concluded that spondylolisthesis, arthritis and in some 
cases transitional lumbosacral vertebrze were significant factors in back 
strain in workers over forty-five years of age. A report on a series of 3,000 
preplacement examinations of the lumbosacral spine over a two-year period 
was made by Allan and Lindem (1950) who encountered a large number of 
asymptomatic conditions, including degenerative processes and congenital 
or developmental anomalies. These authors were of the opinion that in 
industries requiring the use of physical exertion, preplacement examinations 
of the spine may well be compared with survey roentgenograms of the 
chest. It would appear reasonable to check any individual who would be 
required to exert himself or who might be subjected to strains of the back 
before employment. In this way, incidence of chronic low back pain might 
be minimized by the avoidance of undue strain in individuals who appear 
to be susceptible to such disturbances by reason of an anatomic variation 
in their spines. This statement might appear contradictory in view of what 
has been said before in the present chapter. In mitigation of this apparent 
discrepancy, I would remind the reader that the result of a survey of over 
1,000 patients 1s applicable to industry on a broad scale, while an individ- 
ual’s variation has to be evaluated in the light of his existing symptoms. 

A few comments may be made here as to the relative importance of the 
various components of a vertebra in casting a roentgenographic shadow. 
One must keep constantly in mind the fact that we are dealing with a com- 
posite picture, the cortex being relatively radio-opaque, while the spongiosa 
is considerably more radiotransparent. Snure and Mainer (1937) came to 
the conclusion that most of the detail of the osseous structures portrayed 
on roentgenograms are caused by the cortical bone, while the spongiosa ac- 
counted for the general density of the vertebral body. They noted that 
when areas of cortical bone 1 cm. square were removed from the lateral 
surfaces of a vertebral body and the excavated area was filled with parafhn, 
their locations could be demonstrated on roentgenograms. Three fine holes 
extending almost across the vertebral body through the spongiosa, how- 
ever, when filled with parafhn were practically invisible. On the other 
hand, Wagoner, Hunt and Pendergrass (1945) came to the conclusion that 
the spongiosa was the more important component in the production of the 
roentgenographic shadow pattern of a normal vertebral body. I have on 
several occasions made roentgenograms of lumbar and thoracic vertebrz in 
which relatively large holes were present in the spongiosa. Unless these 
were quite large, exceeding 1.5 cm. in diameter, it was noted that the 
shadows were obscured by the overlying shadow of the cortex. On the 
other hand if only a small bit of cortex was removed, the density of the re- 
mainder of the cortex as well as the relatively intact spongiosa prevented 
identification of the injured area. It 1s difhcult to transpose such evidence 
to clinical terms. I believe that it is fair to state that fairly extensive de- 
struction of either the cortex or the medulla is required to identify the 
change roentgenologically in the living being. The results of experiments 
on dead tissue can hardly be transposed because the effect of overlying 
tissues, water content, motion and strain is eliminated. Thus it is possible 
for a vertebra to appear quite normal roentgenologically on one examina- 
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tion, and only a few days later to observe a change in its contour secondary 
to compression. This may be the first radiologic indication of disease of the 
bone. The obvious conclusions are that a considerable amount of destruc- 
tion of either the cortex or the spongiosa must exist before the lesion can be 
identified in vivo, and that roentgenograms of the spine are deficient in 
demonstrating small diseased areas, even under the best circumstances. 
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MY ELOGRAPHY 


Contrast examination of the spinal canal is accomplished by the intro- 
duction of gases which render the subarachnoid space more transparent than 
the adjacent tissues, or by intrathecal instillation of radioopaque materials. 
In 1918 air myelography was recognized by Dandy as a method which 
offered excellent diagnostic advantages. While gas myelography has more 
or less fallen into disuse, it remains an important method which should be 
utilized for inspection of the cervical spinal canal routinely with lumbar 
pneumoencephalography and when the introduction of opaque medium 
appears inadvisable. 

The pioneer work of Sicard and Forestier in 1922 established lipiodol 
myelography as one of the significant advances in neuroradiology. First 
conceived of as a therapeutic measure, the originators of this method first 
instilled lipiodol into the epidural space. Quite by accident they discovered 
that the material produced no perceptible ill effects when introduced into 
the subarachnoid space, and that it flowed freely and could be utilized with 
great accuracy in the diagnosis of spinal cord tumors. The prime objective 
of the examination was enunciated by them in the statement that “we have 
been able to guide the hand of the surgeon.”’ 

Epidural injection was soon abandoned for the exciting opportunities 
offered by intrathecal injection of lipiodol, and Sicard, Paraf and Laplane 
were able to report in 1923 that during the past two years they had explored 
the meninges of the spinal cord in about 150 patients. They preferred to 
inject the lipiodol into the cisterna magna as suggested by Ayer because at 
that time the aim was to assure the fall of lipiodol in the spinal canal, thus 
permitting identification of various obstructing lesions. However, the 
advantages of lumbar instillation were also carefully considered. 

The possibilities of untoward reactions to the subarachnoid placement of 
lipiodol came under investigation quickly, and various observers noted that 
meningeal inflammatory reactions were relatively frequent. Nevertheless, 
because of the vast importance of the information available from lipiodol 
myelography clinical investigations continued even though the possibility 
of inflammatory reactions was recognized. Fluoroscopic observation of the 
movement of lipiodol within the spinal canal soon became a necessary pro- 
cedure, and myelography became an acknowledged neuroradiologic method. 
The superior accuracy of localizing spinal cord tumors over clinical methods 
was recognized and surgeons began to avail themselves of this information 
for more precise planning of their procedures. 

Thorotrast was suggested by Nosik for myelography, but this technic 
which included forced drainage for the removal of the thorotrast, never 
received acceptance. The advantages of absorbable radioopaque materials 
are strongly advocated by Scandinavian workers. In 1931 Arnell and 
Lidstrom reported on myelography with Skiodan (abrodil). For a while 
this was neglected, but about 1944 Arnell and others revived interest in it, 
so much so that at present it is the method of choice in Scandinavian clinics. 

While there are certain technical advantages to the use of water-soluble 
substances its handicaps include the possibilities of adverse reactions 
including shock and a few cases with fatal outcome, limitation of the exam- 
ination to the lumbar region, and the necessity for spinal anesthesia as a 
preliminary step. Certain authorities are quite enthusiastic about its fluid 
qualities in portraying nerve roots. The examination is made only by films 
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and this must be done within fifteen minutes before the contrast agent 1s 
absorbed. 

With recognition of the importance of herniation of the intervertebral 
discs as a cause of low back pain with sciatica, interest in myelography was 
intensified, and numerous reports followed the pioneer work of Mixter and 
Barr. Lipiodol myelography lost some of its handicaps when Kubick and 
Hampton described their method for removal of lipiodol through the lumbar 
puncture needle used for its introduction. 

The radiologic diagnosis of herniated discs soon was recognized to depend 
mainly on proper myelographic evidence. However, the adverse reactions 
to lipiodol remained uppermost in the minds of many observers, and the use 
of air myelography again was suggested. In a comparison of air and oil 
myelography, Barr and Mixter observed in 1941 that the diagnostic accuracy 
of the former was between 50 and 60 per cent compared to over 90 per cent 
for lipiodol. Together with removal of lipiodol by aspiration, the increased 
accuracy of this technic made it the one of choice. 

In 1942 Strain, Plati and Warren reported a new contrast material for 
myelography. This preparation, ethyl iodophenylundecylate, was less 
viscous than lipiodol, flowed smoothly, provided excellent contrast and at 
first was believed to be absorbable. The first three qualifications were 
sustained by later work, but its absorbability proved to be slight or non- 
existent. Nevertheless, ethyl iodophenylundecylate (pantopaque) 1s a 
superior contrast material, and its constant use since 1942 has established 
it as the best agent now available for myelography. Together with adequate 
removal after proper fluoroscopic and film examinations, it provides an 
accurate and well tolerated procedure. It should be realized that untoward 
reactions to pantopaque have been reported. Even though these are infre- 
quent, and although many examination have been done with the pantopaque 
left in the spinal canal, the removal of the contrast agent should be a routine 
part of the procedure. As much as possible should be removed, recognizing 
that in some patients and under certain conditions removal of the entire 
quantity is not possible, and that small quantities remaining in the canal 
have not proven to be of any significance clinically. In a relatively small 
percentage of cases the examination may be followed by severe headache, 
much the same as occurs after diagnostic spinal puncture. A milder type of 
headache is somewhat more frequent. Occasionally the patient will com- 
plain of some increased lumbar pain or a stiff neck after myelography, but 
this usually subsides within a few hours. The question as to whether the 
inflammatory changes associated with myelography are due to the contrast 
agent or to the incident trauma or some break in proper technic is a fair one, 
and I am inclined to attribute such reactions more to the latter suppositions. 
This statement is based on the fact that about half the cases of arachnoiditis 
seen by us were in patients who had lumbar punctures without myelography, 
and in recent years we have seen three patients who had arachnoiditis 
following myelography after which almost all of the pantopaque had been 
skillfully removed. 

Myelography is a radiologic examination, and should be done by well 
trained, careful radiologists who are aware of the indications for the investi- 
gation, who have evolved a reliable and critical set of criteria, and who can 
by virtue of their experience and ability accept the technical and inter- 
pretative responsibilities inherent to the procedure. Myelography should 
not be undertaken to satisfy diagnostic curiosity, but should be regarded 
as a mecessary step to map out conditions which perhaps are correctable. 
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I have heard remarks, sometimes from highly regarded colleagues, to the 
effect that the examination is so fearsome that laminectomy is preferable. 
This is an unrealistic and unwarranted attitude. If properly performed 
myelography produces no more discomfort than a well done lumbar punc- 
ture. In fact, I do not hesitate in selected cases to perform the examination 
with no other preparation than a drop of novocaine subcutaneously. I 
have often mentioned to these patients that it would take about twenty 
minutes for the anesthesia to take effect, and while waiting I would check 
them fluoroscopically. During that time the examination was completed 
and the pantopaque removed without the patient being aware that the 
study had been performed. 

The quantity of pantopaque necessary for myelography has received 
considerable discussion. It was recognized relatively early that about 5 to 
6 c.cm. was a reasonable quantity for most purposes, and that larger amounts 
might be required for cervical examinations. Certain investigators recom- 
mended quantities up to 30 c. cm., mentioning that this made it easier to 
remove the pantopaque and facilitated the study. I believe that the 
quantity of pantopaque necessary depends much on the patient and his 
problem. If a complete block is suspected, as little as 0.5 c. cm. suffices. 
If the patient has a capacious canal considerably more may be required and 
I have used as much as 30 c. cm. in occasional cases. Usually the quantity 
should be that which fills the canal up to the level of the fourth lumbar 
interspace when the patient ts erect. 

Pantopaque usually is introduced into the third lumbar interspace by 
means of a 17 or 18 gauge needle, inserting the tip with the bevel directed 
parallel to the long axis of the spine so that the point passes through rather 
than cuts the longitudinal fibers. This is done with the patient sitting 
because I can get a midline puncture better than with the patient in the 
conventional horizontal flexed posture. Pantopaque 1s not instilled unless 
the flow is free. If there is any question as to the position of the needle 
point films are made in the posteroanterior and lateral decubitus views before 
proceding. When necessary 0.1 c. cm. of pantopaque 1s instilled and checked 
for configuration and movement 1n the canal. The examination is con- 
ducted on a table capable of tilting 90 degrees in either direction, with 
adequate support for the shoulders and feet. Emphasis is placed on follow- 
ing the pantopaque column fluoroscopically, and spot films are taken as 
necessary. The importance of following the head of the column rests in the 
fact that small defects and central veil-like lesions can best be detected by 
changes in the passage of the column over the lesion. The spot films are 
made in the posteroanterior and lateral views and in varying oblique pro- 
jections as indicated by fluoroscopic study. “Transabdominal views are 
important for investigating the anterior aspect of the column . If there is 
a question as to the configuration of the dorsal aspect of the pantopaque 
column, larger quantities may be required. The possibility of indentations 
into the spinal canal from che inferior aspect of the neural arches or the 
ligamenta flava may require relatively large quantities of pantopaque and 
filming of the patient in flexion and extension in the erect posture helps 
bring out these deformities. The examination should include bringing the 
column well up above the suspected area, and we routinely study the 
cervical area even if the suspected lesion is in the lumbar canal. This is 
especially important when lumbar myelography is normal and the patient 
has signs referable to the ventral and ventrolateral tracts. 

Cervical myelography requires investigation of the spinal canal up to the 
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ay dow the canal in is: pea thar onky faad | OF Aud: MIRE 
-pagpe awill be obrained. 


Fairly often a nerve rout or a hit of dura will-acclude the: needle opening, 


and aspiration then only. SPEVEes TO. peribare! “he. needle. pore nay. be turned: Re 


and Spieety agen gently: anenpted IF difficulty as: Saeam. n eoeouncered in 





i , ubaak ss aoe. > akoald bie pacebale sheen parce. AM : “i 
: “adv irs width i telateain: ta that af rhe spinal canal and irs pornr t of termina- Rea 
ten, When the sac rerminares ina high posirion, or ahen Ets nelatively eB Ge 


ie 


Myclogra phy y oo eave 


getting 2 goad How, thas. been feand useful | Fey. get thie patient to strain de 


cough. “This often resules in expulsion of the ‘pantopaque without risking 
-<grapma to the herve roots or dura, and good evacuation can. be obrained 


< with this maneuver valone. Occasionally iris good judgement to withdraw 


the needle and replace i it Jower down rather than traumatize the area by 


—Jnjudicious aspiration. When the | pantopayque ealuinn breaks eo droplers 


towards the end af removal, ir -beconies. difficulr to aspirate the last. few 


drops even with Tepeated fluarsscapic Jocahzations, One should nor make. 


the mistake of crying too hard ra gee these droplers: betause nF the inc rease un: : 


Sen: : Aucioscapic: exporlre ang ‘possible i irieation: Lat mets ve roots. 





Fic. $5.~.4, Myelogrant with 6 cc. af paritopadie, patient: i supine. positing. © ssebrespiniat ella 
Hurd aspirated, ‘B, Same patient, Snunsabagnviral view, “The needle tip is me} boxe the panto. ne Shr 
“pase, sc that: mainiy flirid: was withdrewine ae 7, Same patient, with: hoodie: UP: a vet, wisi PANT pA Bin. 
4 pare pePl, pertittting He PRON, Ai AS INS CE oe ts oS tae ikea ait her aaa M a Seo 


ax 


" Pantopaque may “escape fears the schaeaiuiantt region ‘inte: vate ‘epidieal 


space if the lumbar tap lacerares the dura, or af a puncture has been pet — 


formed a.day-ar two preceding myelography, $n, sucb an instance the 


| 7 eoncraér: medium: may. pass high into: the, epidural: ahea,: outlining: the: space = 
~~ as high aa the cervical canal and encering the nerve sheaths for variable 
> “distances. While chis: presents. a rather dramatic picture, at ts Hot associated - 


owith chnical symproms. The pantopaque is. slowly absorbed; and several. 


patients followed over a two. year péerind showed. disappearance of most of 


the contrast niedium with no: untoward effects. Tf rhe needle tip is so. 


>. situated that: part of che hevel is durside the subarachauid: ‘space and part: 
the subdural space, Ppantopagne tay enter the subdural. frepran, prodiicing | 


@ rather eharacterisne picture. The pantopaque passes slawly around the 


spinal canal as the patient is tiled, the How being much less rapid than ~ 


rormal. AS the patient iS fenuened to a He erect position se sebdural panto~ aU 


>>? 


hue a 
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paque permains. ag: a rather: he eabular column. while the subarachnoid 
~-pantopaque drops ve the eyadal: sac. A here a as: usually, ne. clinica i sequels to. 
this DECLETERCE Be sen us 
=e The: ‘entrance af pantepaeae: | ne: "Ree venous: “vireularion as, a rather. | 
- infeequent complication. _ Inrravasadion occurs: dunag: the injecnon, Ot af. : 
4 the: ‘pagent should s strain re VaeTFE AY OF Eeought ditring: she exsinination,’ 1D such : 
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Hes eae. alone ett: avid’ yee ania ls. nage Same Potent, haterad SHE? The Aalert ey Ae Jagrely Minbar - 
SS EDR Mae “aos, fu a Taree erm, abet nye ronirned at. Apter Hott Sane: pationy alter ‘ 
wal Oe a Been sanoved tah toupee, pee 
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a mannet that’ a: aressel ds: orn: by: the needle: tip ‘Seria fins: may y derion: wi 


strate filling of the verrebral and: paravertebral ‘v ves if one is quick in’ 
‘recording the occarrence. In the case P observed the oil suddenly assumed — 
a bursting: star-like: confgurarica. and vatished dunng the few. Jnomentg 
of examination, passitig from view, along. the par -avertebral- veins. Pues 
‘monary embolism follows, but other than transient chest pain, mild hemop- 
tysts and cough, and occasionally wuld fever, no il effects. have. ‘been 


me 
vat 


‘reported from this accident. | 








‘antipaque injected inadvertently into a” 


vertebral body causes a: simnilat pate: susly. ASE Sep as a Tenn: ot eat 


* INTFAGSSEOUS. ievangionraphy. eS 








Bre 4a { Wpidural extension of pantopaque im cervical, bine’ ana A Tuinoeacrat i 
A Hea Gs Sees Film taken three mouths: Ath my elography:, : pin aga 


Orher effects of peelupeayie have ie aeeiaeed: males he Sanath ss 
consequences of intrathecal injectian’ ePcontrasr wmatenals.. ‘This. has heen — 
well substantiated 3 an thes fase oF lipiodol.. However, it appears that-panta- > 
“paqur has a lesser degree of inflammacicy poreatial, and one cannot be 
accurate in deciding whether: tbe inflammation: results from faulty technic. 


or the contrast material only. 
sequence of myelography, : 
eccurted ih pateats wha: abel: “liag 
anesthesias, intrathecal Rensdnetione 
fram. NAFIGUS Ealises. oe | | Bees 
«Phe effect -of the entrance of paritonaque Ie. She cranial cavity. cannot 
be assessed accurately. : Ney ertheless, “nless: there 1 is a valid necessity for 

outlining the basilar cisterns with parivapaque, f prefer: to-use air first. Te 

is possible: with: proper earns oF the: DO OnIne | of the PEN andes 
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“Arachnoidieis has been reparted AS a cen- 
Stas ely fae ta seflect that many cases. 
sue lumbar punctires, jorraspinal. — 
(medication or subarachnoid bleeding: 
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fluoroscopic control to pass the pantopaque into the cisterna magna and to 
recover it almost completely. The control of the medium entering the 
cisterna pontis 1s not as complete, and the possibility of pantopaque entering 
the lateral cisterns from which it cannot be removed is greater when the 
cisterna pontis 1s filled. While the possibilities of inflammatory reactions 
in this area are slight, they have been reported. Schurr, McLaurin and 
Ingraham described an arachnoidal inflammatory reaction after injecting 
pantopaque into the subarachnoid spaces of dogs. Even though the quan- 
tities used were greater than employed clinically, the reaction indicated the 
desirability for preventing the entrance of pantopaque into the cranium. 
Erickson and van Baaren reported a 39-year-old man who expired fifteen 
months after myelography because of an exudative arachnoiditis obstructing 
the basilar cisterns and the fourth ventricle. 

A more common concomitant of myelography 1s low back pain, occasionally 
with aggravated sciatica, headache and meningismus. These may be due to the 
lumbar puncture itself, or to vigorous attempts to aspirate the pantopaque. 
As arule these symptoms disappear relatively quickly. Delayed reactions, in 
which severe headache and cervical stiffness develop two or three days after 
the examination, are occasionally encountered and sometimes can be quite 
distressing. These, too, disappear after periods of from a few hours to as 
much as five or six days and leave no sequelz. Relief can be obtained by 
keeping the patient recumbent. Often the observation has been made that 
no discomfort 1s felt while the patient is lying down, but the headache be- 
comes severe as soon as the erect posture is assumed. It is advisable to 
restrict activity until the patient is able to walk about with no discomfort, 
preferably waiting for about a day before resuming activities. In some 
patients operated upon within a day after myelography symptoms present 
just before surgery are absent soon thereafter. 

Rare complications include extraocular muscle paralysis as reported by 
Wright. Pantopaque meningitis secondary to hypersensitivity has been 
described by Luce, Leith and Burrage. 

Another question which arises frequently concerns the accuracy of mye- 
lography. Myelography, like other technical diagnostic procedures, is sub- 
ject to individual variations both in elegance of performance and interpreta- 
tion of observations. It is difficult to do more than get a broad idea of what 
can be accomplished. In my own experience the accuracy has been about 
90 per cent. Published figures vary from about 65 per cent to a high of 
96 per cent. The accuracy appears greater when the examinations are 
conducted by one individual, when the patients are carefully selected, and 
when the clinical problem is clearly understood before proceding. 

As one reviews the literature it becomes apparent that not all are in 
accord with the opinion that myelography should precede exploration of the 
spinal canal. In 1941 Dandy, in a paper entitled “Concealed Ruptured 
Intervertebral Discs’’ included in the heading “‘A Plea for Elimination of 
Contrast Examinations in Diagnosis.”” Derry (1943) believed that physical 
examination was sufficient to indicate the level of a lesion, and that contrast 
examinations were unnecessary, an opinion echoed by O’Connell (1951) and 
others. Myelography was advocated by some in selected cases when the 
clinical picture was confusing (Key, 1952). The dangers of overlooking 
spinal lesions because of reluctance to use myelography was emphasized by 
Svien, Dodge and Camp (1951). These authors reported an analysis of 
1245 surgical cases of herniated lumbar disks and 51 cases of spinal cord 
tumors which arose at or below the tenth dorsal vertebra. They found that 
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in twenty cases of. ie cord: rumor: the: preoperative diagnosis. had ben 


~herniared disk. Ja seven athets the: penis, ot a herniated disc or spinal a 


— gord tumor had. ‘been considered. «The SUBMIS and symptoms in. all 27 cases 


= strongly. suggested: discal lesions af the Jower two Jumbar interspaces, but s z 
~ anconly S were the tumors lorated: there. “In the other 22 the lesions: were 


cephal ad to the faurth fambar level. © 


Pam convinced af the miportance. of inyelography before exploration of 
: =the. spinal canal, and cepard rein the e same light ax a gastrointestinal radio- - 
 logi¢: examinacion before operation for a stomach lesion. While not m- | 
iy withcother diagnostic procedures, is well — 
ees ane ean. n-conrribute muetis 16 accurate 
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PM ee ae SRNPe Deane | eet Se : 


5 ada equina fetve roots cannot be identified, ER eee 

che theracic canal the cord, enveloped by gas, is idenified. as-a shadow of . 

irs debneations especially-in the laceral pro. 
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‘ography: likewise. idbniihes the spital. ard he Fankiresone of ‘the surround: P 


ing cerebrospinal fiid, and is well suited for: demonstration: ‘of the cerebro- 


spinal fluid spaces in the cérvwco-necipstal area. It is worth: checking: this. 


region taut ingly: ot lumbar preuniencephalograms, particularly at there BR os. 
any. possitnlicy ‘of a Jest which: may. agect, downward frony the foramen. 


3 ‘mal THT 


SECRLISE: pase cant che: wneoduced readily, and} 45) scamiplerely absorbed in @ 


ae relarively shore time, the examination is: doe swith. faciliry. It is. were 
seabed = fay the. idencihcation: al gross’ desidns such as rumors or- advanced — Fa 


| | aetna cong See [ts x eeabiteyt in son Hiaannete of Eaisest hecniavons Go 





; Se : Fi ee ae Tietheakion a Fane sq, foots ge ready tips. they wink he: earmphoint wi pele Ww hen 
8 Sa WW Ree See hE IU Pt dM RSE Bo ep His wig presents - Sepanebe Sek A AS RRM Neen ’ 


aS ROE. soutien t ty wat thant its Use, San is slaves 1 i vecloe de gullae Pers 


Ae pouches int the lumbar: ‘spinal canal 1S a: handicap. Corniptete replaceme nt of | : 


should be thecked i ww telanon tO. thet caf 


- cerebrospinal fluid with.gas affords rhe maximum information available from 


this method, and in. addition: may de ulead ae ‘puetmoencephalographic.— ese 


2 investigation if desired. 


> The normal lumbar caudal sac  eapura ta. a a pine “batially: at ve Tevel of the PERS 
“Salesian: aspece af the ffth lumbar: interspace or somewhat lower, “Oeca= Ast 
_sionally @ thin streak of pantopaque is seen expending further, candad along — 
- the termination of rhe lun’ termingle. ‘The relative widtlyof the caudal eRe. oe 











the sac is Jess than 16 mm. in digmerer Be af the iicerpedic ular space a5 
wide, larer: al. djseal lesions. cannot he anticipared: tp. produce: visible HApinge- 
ment on the pantopaque column, and may not even affect the axillary pouch. 

, Quite often the caudal sac terminates as a telanvely wide, broad. Structure 





. sae ner minating at tthe first or. “second sacral levels. Aya i rule, this 4 a8 A: este 


rhe bith interpedicalar space. If EOS 
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niheant. _ However, these Variations should be differentiared from BECHIE : 
meningaceles, which ‘will be discussed larer = 
The axlery pouches: can he identified on Shee ‘Side: ah he Aueat sac.” 
These nerve sleeves: are of variable length, and ustially do nat excede | ro 
13 em. indength. The fifth lumbar roor passes through the intervertebral — 
z faramen. herween the fifth. dumbac and frst sacral vertebrae. Oveasianally’ 
the first and second sacral mots are visible beneath the axillary pouch of 
= the hfch lumbar nerve. The willy ‘panches. represent the rubulae envelop- 


“ment of the dural shen: ast merges. with the perineurium, and are directed 
obliquely dawnward and. laterally. As a tule rhe lowermost three Jumbar 
axillary pouches ate more promineat than those above. Each pouch sepres 


sents the nerve: root Solrerponding: arene ally ra. 2 the. -bephalad verte DEB. 





Biss, Si = =f; Erect Jatze vohime niyelogram filling the lumbar vans) ve the level, of the ibe Be 


= aspect AME the third huinbe Ar vertebra, B, Same patient im fexton, lateral proier hicm:- Note, the hoo 


> sihodth-aspert of the dotsal As well as of the ventral aspects of the: canal (¢) Same patient in > 


te eatension. Thdeniitions, appear iti the dorsulaspect af the column fram bist ‘at the. ie Higa nS 


ase ofan Dadar: gir the: partie cob FEVER: mp ward. 


—---- tea fateral horizanral position unless. large quantities or pantopagie age 


In: many examinations. shed cada: ‘equiva. 48. arisible® to. ‘varying. degree. a 


Occasionally. displacemetir. ‘at a root by the: luinbar puncture needle can 
be demonstrated,: and itis: oh interest. ‘phar éven when: the? needle is seen 


displacing the root the patient: dies not: eomplain of pain. Edema of the © 


nerve. trunks: af ane cauda eqDINA also_ renders, xhem: more: apHarertt on i | 


. myelogtaiis. i 
The anceriar asneeck. Ae ae fisraber: epiwal canal 18 best: seen on crdweeable' 


exposures: T hese. cannot be. dupheated by rurning the patient on his sidé i 





used hécause fesser amounrs-descend to the dependent portion of the vanal 


Films made witli the paritue ina lateral position and rhe x-ray beani directed 
horizontally someumes are ised to delineace the lateral: aspec ts of the canal,’ 





is and aides | in ne adeneyacation: of the anilhety | pouches. Mt informacion TR i 


= flexion: and extension. 
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: deured about the dorsal aspect of the éabial re is. c necessary. to instill sufficient 
-panropaque ta fil che subarachnoid space up ro the desired level. Detects 
are brought our: best’ by, making erect. lateral ees wah the, ‘Parent, Tae 
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OS Sip molique rojyection brings. mutt the defsrmity onthe left side: | No sgmpteins, were ‘ibtribebed os 
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space there may. he 4 vaty ue, dégrec af clevanion: of the distal caudal sac 


from the Hoor of the canal. Usually: this is SeMHettic cane smooth, ao Ce 


itself is not af parhologi ie importance: — ae 


> Occasionally small divecriaudum-tike:: scruceares & aces seen: “Filled ih panto- Ee RP 
| opaque, lying: lateral roche: agdlaty pouches.” “These are. fefer red ta as arach~ 
et onedal He erticula, or. fesse correctly. as pertneurial: eyats. -Samerimes they See ae eee 
become darge. enough. au fause méfve roar chmpression er erosion of the | 


HS o 


“ adjacent howe, and under suvh Greumsrances: assume: surgical significance. 
They. shauld. be. differentiated from the perineurial or extradural sacral Gis a 


_ €ysts described hy Tarlos as: occurring at the junction of the postenor. nerves af 3 
Snot with the dorsal re rout ganglion, in the spaee: Barween the penneanas and BERENS 


ee difhculs tae Foaiprain, and somenines e 
2 opatien an: the oblique or prone lateral positions. “The nerve root sleeves 
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eadonedtam:: as. pea! solid afasses. containing bak and dangly elle ny 


‘State: they do nor: fconmunicane: with ithe cere irosputal 
- ewinot BP with. contrast material, and | as 3 cnule do: TOE proc oe 
unless qaite large. Nevertheless, rhe\' can cause raor campressinn sympronis. — 





find spaces they 
hace troné erosion. - 


Avachnoidabdiverneuie : siimetimes are better: dernonstraced: on films im de> > 
Jafreca few. hours if sere pantapague remains: an the: ‘spinal ‘canal: because 


of delayed ‘entrance af the contrast agent through @ narrow sac. Panto~ : 


paque: also. may be: pealned | in these 9 see URS NF: ove 4 considerable t time, weit” 
NG: pall heer, S EES pat eee , | 






i re a, a a he anterior “spall wrters is Seen in the midline. The central radiolucency Te Ae 
ae ‘by te: spitial word Nate ihe rade lar arteties in the lower cervical region. B, Same.” 
, “patient. The « anicriot meena artery syste sbeanatt ig: RINE polarnn an Ae thoracic a 
ae Sisk Sinden Efe BERT en ath ined 3 ro 


rage presents: AL more: 
Of the: Column: often. is ~~ 
te is: ‘helpful. te wads: this with: the 


a oa he shoracié. sping) cout as. aakoed ie ‘paneay 
z Reales “appearadce. The. tubula veatti guar ation 











parelg Alls. “Occasionally. a thin linear: radiducent streak is visible or the 


 apiddle af thie: pantopaqve colunin, representing the antenar spinal arrery. — 
: q he density of the column reflects the relatively small space around rhe cord, 
The cervical spinal canal is best srudied when well bled) As a rule fhe 


a “ pantopaque calumin tieeks a mamentars ‘delay “as ie “passes: the cervice- 0 > 


 theravie quince, and the opaque. medium first Hows ro either side legving, << 


ae radiolicent. middle. streak abour 1.5 to 2 2 Ocenia diameter, axchich Tepres 
sents. the: cervical card.’ oe his should, HOt. “he: misinterpreted as indicative of st 
Se ‘pathaloge, BHRRION, | a Be ee pouehes ate + directed almost hore | 
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Presa. oc Reitigl myelogram:  Aitedr radiolucency ts Seety ii the midline, prodnced by the 
‘anterior spiral artery. Several branches extend: along: the tnwe en vervioal nerve roots...) | 
OS Transvecvicnt fivelograth, sare patient. atitopuque fils thesristerna: miuptia.’ Nate ine 
vradivitwent line incthe middle of, the colamin. - tie? hasbeen attributed 10, the dentate lnracrent. 2 

a Tramscervical: wmyelogrant: with ead-in ‘flexion: Two. radiohicent: lines are present in the 


_pantopique: caluimm«n, possibly the dentate. ligunents: an Sither side al. the a Ord, ote Mis Senn ktt, s ei 
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zonrally and: Bil. auiee: pee ‘Turning the hedd froin ane s side’ ra the other: ae 
permits une to. All the laceral spaces: quite: readily, buethisis noe necessary 
if adequate quannties of | pancopaque are used. The axillary pouthes somes - 
- times show a. radiglucent center for a shore distance,’ produced: by panto- 


- paque on either side of the nerve root. Tr ts important to obtaia trans- 
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demonstrated. Infolding of the ligamentum flavum, which may have 
important clinical implication, are best identified by this maneuver, and 
exaggeration of the indentations are brought out by studies made with the 
head extended. 

The cervico-occipital junction can be investigated without difficulty if 
the pantopaque is brought to this area under fluoroscopic control. Much 
depends on the skill and coordination of the examiner and the cooperation 
of the patient. The entrance of contrast material into the basilar cisterns 
laterally should be avoided. It is possible to introduce pantopaque into the 
cisterna magna and pontis, and to recover almost all of it if one acts quickly 
and does not permit the oil to spill laterally. If the pantopaque envelopes 
this area the vertebral and basilar arteries can be identified as radiolucent 
tubular shadows corresponding to these vessels. 

When the cervical canal 1s well filled it is possible to identify the dentate 
ligaments, the thin fibrous bands on either side of the cord which separate 
the anterior from the posterior nerve roots. These appear on lateral 
studies as linear translucent shadows, the anterior and posterior surfaces 
being outlined by the contrast agent. The cervical dentate ligament is 
rather heavy, but the thoracic and lumbar dentate ligaments are less 
prominent and hence cannot be demonstrated. Teng points out that the 
continuity of these structures may be disrupted in cervical spondylosis. 
The anterior spinal artery sometimes is visible on frontal projections as a 
thin radiolucent streak in the middle of the canal, and occasionally branches 
passing to the axillary pouches are seen in the middle and inferior cervical 
region. When the upper cervical canal and the cisterna magna are well 
filled it is possible to outline the inverted Y-shaped junction of the vertebral 
and the basilar arteries. 


REFERENCES 


ABBOTT, K. H., RETTER, R. H. and LEimBacn, W. H.: The Role of Perineurial Sacral Cysts in 
the Sciatic and Sacrococcygeal Syndrome, J. Neurosurg., 14, 5, 1957. 

ARNELL, S.: Myelography with Water Soluble Contrast, Acta radiol., Supp. 75, Stockholm, 1948. 

ARNELL, 5. and LINDSTROM, F.: Myelography with Skiodan (Abrodil), Acta radiol., 12, 287, 1931. 

ARBUCKLE, R. K., SHELDEN, C. H. and PupENz, R. H.: Pantopaque Myelography, Radiology, 
45, 356, 1945. 

BELL, A. L. L., WUNDERLICH, H. O., Fett, H.C. and Poot, C.C.: Erect Method of Myelography 
Am. J. Surg., 79, 259, 1950. 

BERING, E. A., JR.: Notes on the Retention of Pantopaque in the Subarachnoid Space, Am. J. 
Surg., 80, 455, 1950. 

BreIT, A. and WIEDENMANN, O.: Ergebnisse der Gasmyelographie, Fortschr. a. d. Geb. d. 
Rontgenstrahlen ver. m. Rontgenpraxis, 81, 761, 1954. 

Brown, F. M. and Aye, R. C.: Myelographic Demonstration of the Basiliar Artery, Am. J. 
Roentgenol., 73, 32, 1955. 

Camp, J. D.: Roentgenologic Diagnosis of Intraspinal Protrusion of Intervertebral Disks by 
Means of Radiopaque Oil, J.A.M.A., 113, 2024, 1939. 

Camp, J. D.: Contrast Myelography, Past and Present, Radiology, 54, 477, 1950. 

CoPLEMAN, B.: Roentgenographic Diagnosis of Small Central Protruded Intervertebral Disc, 
Am. J. Roentgenol., 52, 245, 1944. 

CraiG, R.L.: Effect of Ilodized Poppy-Seed Oil on the Spinal Cord and Meninges, Arch. Neurol. & 
Psychiat., 48, 799, 1942. 

Danby, W. E.: Roentgenography of the Brain after Injection of Air into the Spinal Canal, Ann. 
Surg., 70, 397, 1919. 

Concealed Ruptured Intervertebral Disks; Plea for Elimination of Contrast 

Medium in Diagnosis, J.A.M.A., 117, 821, 1941. 

Davis, F. L.: Effect of Unabsorbed Radiographic Contrast Media on the Central Nervous 
System, Lancet, 2, 747, 1956. 

Erickson, T. C. and VAN BAAREN, H. J.: Late Meningeal Reaction to Ethyl lodophenylundecy- 
late Used in Myelography, J.A.M.A., 163, 636, 1953. 

FULLENLOVE, T. M.: Venous Intravasation during Myelography, Radiology, 53, 410, 1949. 


Myelography 99 


GinsBurG, L. B. and SkorNeEck, A. B.: Pantopaque Pulmonary Embolism, Am. J. Roentgenol., 
73, 27, 1955. 

GREENWALD, C. M., EuGENIO, M., HuGues, C. R. and GARDNER, W. J.: The Importance of the 
Air Shadow of the Cisterna Magna in Encephalographic Diagnosis, Radiology, 71, 695, 1958. 

Hampton, A. O. and Rosinson, J. M.: The Roentgenographic Demonstration of Rupture of the 
Intervertebral Disc into the Spinal Canal After the Injection of Lipiodol. With Special 
Reference to Unilateral Lesions Accompanied by Low Back Pain with ‘‘Sciatic Radiation.”’ 
Am. J. Roentgenol., 36, 782, 1936. | 

HINKEL, C. L.: Entrance of Pantopaque into the Venous System During Myelography, Am. J. 
Roentgenol., 54, 230, 1945. 

Hurteau, E. F., Barrp, W. C. and Sincvair, E.: Arachnoiditis Following the Use of Iodized 
Oil, J. Bone & Joint Surg., 36-4, 393, 1954. 

Kusixk, C. S. and Hampton, A. O.: Removal of Iodized Oil by Lumbar Puncture, New England 
J. Med., 224, 455, 1941. 

KVERNALND, B. N., GREWE, R. V., Woocey, I. M. and Leg, J. R.: Upright Large Volume Dy- 
namic Myelography, Radiology, 72, 562, 1959. 

LINDGREN, E.: Myelographie mit Luft. Nervenarzt, 12, 57, 1939. 

Luce, J. C., LeitH, W. and BurRaAGE, W.S.: Pantopaque Meningitis Due to Hypersensitivity, 
Radiology, 57, 878, 1951. 

Matis, L.I.: The Myelographic Examination of the Foramen Magnum, Radiology, 70, 196, 1958. 

Matis, L., NEwMAN, C. M. and Wotr, B. S.: Full-Column Technic in Lumbar Disk Myelog- 
raphy, Radiology, 60, 18, 1953. 

Marcovicu, A. W., WALKER, A. E. and JEssico, C. M.: Immediate and Late Effects of Intra- 
thecal Injection of Iodized Oil, J.A.M.A., 116, 2247, 1941. 

McRae, D. L.: Asymptomatic Intervertebral Disk Protrusions, Acta radiol., 46, 9, 1956. 

MIXTER, W. J. and Barr, J. S.: Rupture of the Intervertebral Disc with Involvement of the 
Spinal Canal, New England J. Med., 211, 210, 1934. 

Mones, R. and WERMAN, R.: Pantopaque Myeloencephalography, Radiology, 72, 803, 1959. 

MuRrtTaAGH, F., CHAMBERLAIN, W. E., Scott, M. and Wycis, H. T.: Cervical Air Myelography, 
Am. J. Roentgenol., 74, 1, 1955. 

Nosik, W. A.: Intraspinal Thorotrast, Am. J. Roentgenol., 49, 214, 1943. 

Perper, H. and Kiose, H.: Uber die grundlagen einer Myelographie, Arch. f. klin. Chirurg., 34, 
319, 1925. 

Ramsey, G. H., FRENCH, J. D. and Strain, W. H.: Iodinated Organic Compounds as Contrast 
Media for Radiographic Diagnosis. IV. Pantopaque Myelography, Radiology, 43, 236, 1944. 

REISER, E.: Theoretisches und Kasuistiches zur Myelographie, Fortschr. a. d. Geb. d. Rontgen- 
strahlen, 34, 455, 1926. 

SANFORD, H. and Dovus, H. P.: Epidurography, Radiology, 36, 712, 1941. 

SCHNITKER, M. T. and Bootn, G. T.: Pantopaque Myelography for Protruded Disks of the 
Lumbar Spine, Radiology, 45, 370, 1945. 

Scourr, P. H., McLaurin, R. L. and INGRAHAM, F. D.: Experimental Studies on Circulation 
of the Cerebrospinal Fluid, Methods of Producing Communicating Hydrocephalus in the Dog. 
J. Neurosurg., 10, 515, 1953. 

Scott, W. G. and Furiow, L. T.: Myelography with Pantopaque and a New Technic for its 
Removal, Radiology, 43, 241, 1944. 

STEINBACH, H. L. and Hitt, W. H.: Pantopaque Embolism During Myelography, Radiology, 56, 
735, 1951. 

SICARD and FoRESTIER: Méthode Radiographique d’Exploration de la Cavité Epidurale par le 
Lipiodol, Rev. Neurol., 37, 1264, 1921. 

Methode General d’Exploration Radiologique par l’Huile Iodee (Lipiodol). Bull. 

et mém. Soc. méd. d. H6p. d. Paris, 44, 463, 1922. 

SicaRD, J. A., PARAF, J. and LAPLANE, L.: Spinal Radiodiagnosis with Lipiodol, Press. Méd., 31, 
885, 1923. 

Sun, T. H. and ALEXANDER, L.: Vascular System of the Human Spinal Cord, Arch. Neurol. 
Psychiat., 41, 659, 1939. 

SvIEN, H. J., Dopce, H. W., JR., and Camp, J. D.: Importance of Spinal Fluid Analysis and 
Contrast Myelography When Protruded Lumbar Disc is Suspected, Surg., Gynec. & Obst., 
93, 623, 1951. 

TarRLov, I. M.: Sacral Nerve-root Cysts: Another Cause of the Sciatic or Cauda Equina Syndrome, 
Springfield, Charles C Thomas, 1953. 

————-: Pantopaque Meningitis Disclosed at Operation, J.A.M.A., 129, 1014, 1945. 

TENG, P.: Myelographic Identification of the Dentate Ligament, Radiology, 74, 944, 1960. 

Wricut, E. S.: Extraocular Muscle Paralysis from Spinal Injection of Pantopaque, California 
Med., 71, 214, 1949. 

Wyatt, G. M. and SpurRLinc, R. G.: Pantopaque, Surgery, 16, 561, 1944. 


100 Normal Spine 


DISCOGRAPHY 


Following experimental work in which he injected red lead anteriorly into 
the intervertebral disc, Lindblom applied his observations clinically for the 
demonstration of the normal and pathologic anatomy of these structures. 
In his experience myelography had proven somewhat lacking in accuracy, 
a deficiency he regarded as diminished by discographic investigations in 
which the three lowermost lumbar intervertebral discs were injected with 
water-soluble absorbable contrast material together with a small quantity of 
novocaine. At that time a mixture of 2 c. cm. of 35 per cent diodrast and 
0.5 c. cm. of novocaine were used. The same quantities are still used, but 
at present hypaque is the preferred medium. Lindblom found that normal 
discs accepted about 0.3 c. cm. of the contrast medium, while pathologic 
discs take more. 

The question as to the possible effects of puncturing multiple discs still 
causes concern. From the reports of Cloward, Fernstr6m and others it 
would appear that the procedure rarely 1s complicated by infection. That 
infections can occur has been reported by De Seze and Levernieux, Scherbel 
and Gardner and Ectors. Earher observations had indicated that trauma 
to the intervertebral disc might be accompanied by progressive narrowing, 
superimposed infection and consequent varying degrees of disability. This 
was accomplished experimentally in animals by Key and Ford and by 
Congdon. It has been maintained that the small bore of the needle used to 
penetrate the disc mitigated against the possibility of consequent damage, 
an opinion supported by the many. reports of the successful use of dis- 
cography. 

The normal discogram reveals two contrast-filled spaces, one along the 
upper and the other along the lower vertebral margin, outlining the nucleus 
pulposus but not projecting into the annulus fibrosus. The two layers are 
joined by an irregular streak of contrast material through the center of the 
disc, presenting a “‘collar-button” appearance. Pathologic discograms show 
varying degrees of emergence of the contrast material, which may bulge 
into the spinal canal or demonstrate fissure-like passages laterally or 
anteriorly. The diagnostic value of discography is heightened because the 
patient’s symptoms may be duplicated or heightened during the time the 
discal protrusion is distended. Contrast material sometimes passes through 
the ruptured annulus fibrosus and diffuses into the spinal canal. Lindblom 
(1951) mentioned a case in which the injection tracked anteriorly, causing 
severe abdominal pain. He also quoted Grill who directed attention to the 
possibility of abdominal pain arising from discal ruptures. 

Discography has been credited with identifying a considerably higher 
incidence of multiple discal ruptures. In evaluating this, it should be 
recalled that many discal protrusions are asymptomatic and are best left 
alone. Gardner and his coworkers observed that when an intervertebral 
disc is narrowed the discogram is never normal, and that the nucleus pulpsus 
is disorganized. A high degree of intelligent clinical judgement is required 
to identify which protrusion is responsible for symptoms and which 1s not 
related to the patient’s complaints. 

Discography of the cervical spine has been advocated by Cloward, utiliz- 
ing an anterolateral approach for the placement of the needles. Since most 
cervical disc pathologic change takes place in the lower two interspaces, 
Cloward advocates investigating these two areas. He regards this as a 
technic superior to myelography both in the lumbar and the cervical areas, 
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providing in his opinion a much higher accuracy in diagnosis and a safer 
method of examination. 

Even though there has been enthusiatic endorsement of discography as a 
safer, easier and more reliable method of investigation, one nevertheless 
must pause to consider and compare this procedure with myelography. 
There are many, including the present author, who hold that trauma of 
multiple discal punctures is not without hazard, and who feel that unless a 
definite superiority can be proved one should not abandon myelography. 
One of the disadvantages of discography is that it requires much manipula- 
tion for investigating limited areas. It seems almost self-evident that 
radiologic exploration of the spinal canal should not be limited to two or 
three discal interspaces. Also, the disclosure of an abnormal discal pattern 
in an adult patient may or may not have diagnostic significance pointing 
towards the need for surgical relief. This observation, by the way, is 
applicable to myelography. Nevertheless, the demonstration of definite 
multiple deformities myelographically has held up quite well on correlation 
of clinical and surgical observations. In our experience the number of 
patients with single lesions who have been relieved of their complaints after 
operation is vastly greater than those who have had multiple defects. 
Since a large number of these patients were in the middle age group, and 
who theoretically had considerable degenerative changes in the discs, the 
relief obtained by the correction of a single discal herniation is worth re- 
membering when reviewing statistics of the multiple herniations identified 
discographically. Myelography also has the great advantage of permitting 
inspection of the entire spinal canal, and is therefore better applicable to 
the investigation for tumors. The inherent risks of the infective consequences 
of lumbar puncture would appear to be about the same whether myelography 
or discography is done, with the provisos that it seems reasonable that three 
punctures might be more hazardous than one. On the other hand, the 
introduction of contrast material into the spinal canal carries with it some 
risk as well. 

In our experience myelography has proved sufhciently reliable for us not 
to employ discography for the diagnosis of herniated discs. 


REFERENCES 


Baker, A. H.: Lesion of the Intervertebral Disk Caused by Lumbar Puncture, Brit. J. Surg., 
34, 358, 1947. 

CLOWARD, R. B.: Cervical Discography, Am. J. Roentgenol., 79, 563, 1958. 

—————: Cervical Discography, Ann. Surg., 150, 1052, 1959. 

CLowarpD, R. B. and Dusarp, L. L.: Discography, Am. J. Roentgenol., 68, 552, 1952. 

DESEzE, S. and LEVERNIEUX, J.: Les Accidentes de la Discographie, Rev. Rheum., 19, 1027, 
1952. 

Ectors, L.: Géodes vertébrales simulant le mal de Pott, aprés discographie, Acta neurol. et 
psychiat. belg., 59, 317, 1959. 

Everett, A. D.: Lumbar Puncture Injuries, Proc. Royal Soc. Med., 35, 208, 1942. 

FERNSTROM, U.: A Discographical Study of Ruptured Lumbar Intervertebral Discs, Acta chir. 
scandinav., Supp. 258, Stockholm, 1960. 

FRIEDMAN, J. and GoLpner, M. Z.: Discography in Evaluation of Lumbar Disk Lesions, 
Radiology, 65, 653, 1955. 

GARDNER, W. J., WisE, R. E., HuGHEs, C. R., O'CONNELL, F. B., JR. and WeiForD, E. C.: 
X-ray Visualization of the Intervertebral Disk, A.M.A. Arch. Surg., 64, 355, 1952. 

GELLMAN, M.: Injury to Intervertebral Discs During Spinal Puncture, J. Bone & Joint Surg., 
22, 980, 1940. 

Key, J. A. and Forp, L. T.: Experimental Intervertebral Disc Lesions, J. Bone & Joint Surg., 
30-A, 621, 1948. 


104 Normal Spine 


LINDBLOM, K.: Eine anatomische Studie uber lumbale Zwischenwirbelscheiben-protrusionen und 
Zwischenwirbelscheibenbruche in die Foramina intervertebralia hirein, Acta radiol., 22, 711, 
1941. 

LINDBLOM, K.: Protrusion of Disks and Nerve Compression in Lumbar Region, Acta radiol., 25, 
195, 1944. 

Technique and Results in Myelography and Disk Puncture, Acta radiol., 34, 321, 
1950. 
: Discography of Dissecting Transosseous Ruptures of Intervertebral Discs in 
Lumbar Region, Acta radiol., 36, 12, 1951. 

PEACHER, W. G. and Storrs, R. P.: The Roentgen Diagnosis of Herniate Disk with Particular 
Reference to Discography (Nucleography), Am. J. Roentgenol., 76, 290, 1956. 

PEREY, O.: Contrast Medium Examination of Intervertebral Discs of Lower Lumbar Spine, 
Acta orthop. scandinav., 20, 327, 1951. 

SCHERBEL, A. L. and GARDNER, W. J.: Infections Involving the Intervertebral Discs, J.A.M.A., 
174, 370, 1960. 

Wise, R. E., GARDNER, W. J. and Hosier, R.B.: X-ray Visualization of the Intervertebral Disk, 
New England J. Med., 257, 6, 1957. 

WOLKIN, J., Sacus, M. D. and Hoke, G. H.: Comparative Studies of Discography and Myelog- 
raphy, Radiology, 64, 704, 1955. 


Chapter 


Z 


Malformations of the Spinal Column 


DEVELOPMENTAL ANOMALIES OF THE OccIPITAL BoNE, ATLAS AND AXIS 


The last occipital sclerotome sometimes forms as a partially separate 
entity, and becomes fused with the anterior margin of the foramen magnum, 
or appears as a bony nodule between the occipital bone, the atlas and the 
dens. This proatlas, or occipital vertebra, also may take the form of a 
partially separate entity, consisting of more than one bit of bone, and may 
distort the foramen magnum by rendering it irregularly narrow because of 
the appearance of accessory eminences along its periphery. Anteriorly, 
an articular condyle for the dens may be seen, and a partially formed 
hypocondylar arch completely or partly united with the anterior rim of the 
foramen magnum and a modified neural arch sometimes is present . Rudi- 
mentary transverse processes without foramina transversarii may be partly 
or completely united with the base of the skull. 

Atlanto-axial fusion, or assimilation of the atlas and axis, results from 
maldevelopment of the caudal half of the last occipital and the cranial half 
of the first cervical sclerotomes. Complete fusion results in union of the 
first cervical vertebra with the foramen magnum circumferentially, while 
with partial fusion varying segments of the first cervical vertebra become 
attached to the foraminal rim. Most often the anterior arch becomes fixed. 
In the event of complete fusion, no symptoms appear. However, partial 
fusion may be associated with instability of the atlas and axis, abnormal 
mobility of the odontoid being produced by lack of fixation of the ligaments, 
particularly the transverse ligament. This abnormal range of motion can 
can be demonstrated on lateral roentgenograms in flexion and extension, 
and are better seen on laminagrams. Because of impingement of the bony 
structures on adjacent nerves and the spinal cord, a wide range of neuro- 
logic symptoms may appear, together with pain, abnormal attitudes of the 
head and limited ranges of motion. Neurologically these symptoms often 
mimic those of various degenerative diseases sich as syringomyelia and 
multiple sclerosis. Weakness of the lower extremities and ataxia may be 
presenting symptoms, alone or together, with concomitant sensory dis- 
turbances. Often motor impairment of the upper extremities also appears. 

A common deformity of the first cervical vertebra is failure of fusion of 
its neural arch, a relatively frequent and usually symptomless condition. 

Differentiation of an occipital vertebra from atlantoaxial assimilation 
sometimes is dificult. With atlantoaxial fusion a foramen usually persists 
on each side between the posterior arch of the fused atlas with the adjacent 
occipital bone to permit passage of the vertebral artery and first cervical 
nerve, which retain their normal relations with the atlas and the base of the 
occipital bone. Atlanto-occipital fusion may be accompanied by fusion of 
two or more cervical segments. Accessory eminences occur on one or both 
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just below and at the foramen magnum, thereby narrowing the space 
available for the medulla oblongata and the proximal cervical spinal cord. 

The incidence of congenital malformation at the occipitocervical junction 
in patients with basilar impression 1s frequent. Moreton reported that in a 
series of 139 cases 41 had associated cervical anomalies. If it were possible 
to clearly separate those cases of basilar impression based on congenital 
malformations from those of acquired origin, the figure would probably be 
higher. The coexistence of other malformations such as fused vertebrz 
and spinal neural arch deformities should alert the examiner to investigate 
the cervicooccipital junction. Body section radiographic investigations are 
of great help for this purpose. 

The diagnosis of basilar invagination and basilar impression may be 
documented further by various linear measurements. Chamberlain postu- 
lated that a line drawn on a true lateral skull roentgenogram from the 
posterior end of the hard palate to the dorsal margin of the foramen magnum 
in normal individuals would clear the uppermost tip of the dens. McGregor 
recommended that a line be drawn from the upper surface of the posterior 
edge of the hard palate to the most caudal point of the occipital curve on true 
lateral skull films. The dens should be situated 1.32 mm. + 2.62 mm. from 
this line. Bull, Nixon and Pratt recommended an angle determined by the 
plane of the hard palate and that of the atlas. Angles of 13 degrees or more 
were regarded as indicating basilar invagination. 

Basilar impression or invagination exists without specific symptoms in a 
rather large proportion of cases. However, when the dens projects sufh- 
ciently into the cervical spinal canal, when there is undue mobility of this 
structure, or when the foramen magnum is sufhciently encroached upon, 
neurologic changes result either from direct pressure, vascular compression 
on the adjacent structures or from interference with the cerebrospinal fluid 
circulation. This may take place regardless of the anatomic cause, and gives 
rise to perplexing problems simulating syringomyelia, multiple sclerosis or 
other degenerative demyelinating diseases as well as pictures mimicing 
tumors of the posterior cranial fossa or the upper cervical spinal canal. 
Pressure against the cranial nerves or upper cervical nerves may produce 
paralysis or symptoms referable to cerebellar or medullary compression. 
In these patients it becomes of the utmost importance to make an accurate 
diagnosis because surgical intervention can do much to relieve their condi- 
tions. 

As a rule congenital malformations are not difficult to differentiate from 
fusions of the cervicooccipital junction such as may result from osteomyelitis, 
tuberculosis, old fractures, advanced arthritis or echinococcus disease. 
Charcot’s disease in this area is rare. 
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Arnold-Chiart Malformation.—The Arnold-Chiart malformation 1s a de- 
formity of the cerebellum and the brain stem in which these structures 
project for varying degrees through the foramen magnum into the upper 
cervical spinal canal. ‘The condition was reported by Arnold (1894) in a 
description of a newborn infant with a lumbosacral spina bifida together 
with a large portion of cerebellum extending downward through the fora- 
men magnum in a tongue-like manner eens the dorsal aspect of the 
spinal cord. Chiari (1891) delineated three general types aivied according 
to the extent of displacement of the hind-brain into the cervical spinal 
canal. He pointed out that the cerebellar tonsils and a variable portion of 
the inferior lobes of the cerebellum may project downward so that the fourth 
ventricle was not brought below the level of the foramen magnum. The 
second degree of this change was one in which the lower half of the cere- 
bellum and the adjacent brain stem were brought down into the cervical 
spinal canal, and the most advanced form was associated with a herniation 
of practically the entire cerebellum into a cervical spina bifida and meningo- 
cele. These early investigators noted a relatively constant association be- 
tween the malformation and various degrees of meningomyelocele and 
hydrocephalus. Their observations were chiefly of newborn children and 
infants, in whom the degree of displacement downward was such that the 
fourth ventricle was brought into the upper spinal canal. 

The neuro-anatomic complications accompanying the various malforma- 
tions associated with the Arnold-Chiari malformation were described in 
considerable detail by Lichtenstein (1942). He pointed out that in many 
instances of spina bifida an abnormal fixation of the spinal cord was present. 
This prevented its adequate rostral migration with continued development, 
and the abnormal fixation in some cases resulted in a wide variety of local 
and distal neuro-anatomic alterations. Included in this list by Lichtenstein 
were a short cauda equina with a low lying conus medullaris, abnormal 
stretching of the spinal cord above the site of fixation, elongation of the hind 
brain with displacement of the medulla oblongata into the vertebral canal 
together with the choroid plexus of the fourth ventricle and parts of the 
cerebellum, dysplasia of some of the cerebellar folia, and elongation of the 
lowermost cranial nerves. Impaction against the walls of the foramen 
magnum produced compression changes in these structures. In addition, 
stenosis of the aqueduct of Sylvius was noted, together with internal hydro- 


ArnoldsChin Maltonnation 111 


cephalus secondary to obstruction both at the aqueduct of Sylvius and at 
the fourth ventricle when this structure was impacted into the foramen 
magnum. Instances of hydromyelia and syringomyelia-like cavitations in 
the cervical portion of the spinal cord were also found, and there was evi- 
dence of compression on ‘fie anterior spinal arteries and the vertebral 
system of veins at the foramen magnum. 

Penfield and Coburn (1938) believed that the Arnold-Chiari malformation 
resulted from traction on the brain stem in embryonic life resulting from 
fixation of the spinal cord at a meningocele site. Normally the growth of 
the vertebral olan and the spinal cord are equal until about the third 
month of uterine life, after which the vertebral canal grows more rapidly 
than the spinal cord. When spina bifida and meningocele are present the 
cord may aman fixed by the herniation and adhesions at the site of the 
defect. Traction exerted on the brain stem by the continued growth of the 
vertebral column pulls the hindbrain down through the foramen magnum. 
Penfield and Coburn held that this theory was supported by their operative 
observations that the downward protrusions of the cerebellar tonsils re- 
tracted more than 3 cm. on being freed from their attachment to the medul- 
lary canal. They also noted, as did Russel and Donald (1935), that the 
spinal nerve roots in the cervical region were found to pass upward to their 
intervertebral foramina rather than horizontally, and considered this an 
additional evidence of downward traction on the cerebrospinal axis. 

Barry, Patten and Stewart (1957) regarded the basic cause of the Arnold- 
Chiari malformation as related to different degrees of overgrowth involving 
several parts of the neural tube. No need was adduced to postulate traction 
on the rhombencephalon exerted by means of a structure with as little 
tensile strength as the embryonic spinal cord.. They regarded the hydro- 
cephalus sometimes present as a sequel to the protrusion of the medulla 
and cerebellum into the spinal canal. | 

The Arnold-Chiari malformation has often been encountered 1n associa- 
tion with congenital anomalies at the occipito-cervical junction, such as 
occipitalized vertebre and anomalies or failure of fusion of the posterior 
aspects of the upper cervical segments. Other deformities frequently asso- 
ciated both with the Arnold-Chiari syndrome and meningocele are lacunar 
skull, congenital and acquired basilar impression and the Klippel-Feil 
malformation. 

The absence of other congenital anomalies of the spinal axis with the 
Arnold-Chiari malformation has received attention. ‘This has been con- 
sidered (McConnell and Parker, 1938), as being a factor which tends to 
cast some doubt on the traction theory of the genesis of the hind-brain mal- 
formation. In these cases, at least, some other type of mechanism besides 
traction would have to be considered as a cause for the cerebellar tonsillar 
herniation. 

Symptomatology associated with the Arnold-Chiari malformation varies 
greatly. When there is obstruction to the circulation of cerebrospinal fluid 
because of impingement of the outlets of the fourth ventricle, the outstand- 
ing symptoms may be those of hydrocephalus. In others, the clinical picture 
may be highly suspicious of a cerebellar tumor, with papilledema, vomiting, 
visual disturbances, and palsies of the cranial nerves. In addition pain may 
appear in the occipital, sub-occipital or high cervical region due to com- 
pression of the upper cervical nerve roots. Not infrequently paresthesias 
appear in the upper extremities, and it has been noted that this pain some- 
times can be relieved by stretching or forward flexion of the neck. These 
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the diagnosis of herniation of a cervical intervertebral disc. The myelo- 
graphic defects seen in his cases were at the level of the seventh cervical 
segment. 

Good visualization of the cisterna magna can be obtained myelographi- 
cally. In the presence of the Arnold-Chiari malformation the usual con- 
figuration of this cistern is altered by the impingement of the postero- 
inferior aspect of the cerebellum as it is drawn downward, producing a 
curvilinear indentation concave caudally. The arcuate or lobulated border 
produced by some cerebellar herniations may simulate intradural extra- 
medullary tumors such as neurofibromas or meningiomas. This is more 
likely to occur when the Arnold-Chiari defects presents a curved configura- 
tion due to elimination of the central incisura because of the presence of 
adhesions. However, if pantopaque is introduced into the cisterna magna 
the differential diagnosis may be facilitated 

Herniations of the cerebellar tonsils also can be identified on gas myelo- 
grams, and should be looked for on lumbar pneumoencephalograms. The 
inferior poles of the herniated tonsils appear as rounded densities which 
may be large enough to fill the space in and below the foramen magnum. 

The diagnosis of the Arnold-Chiari malformation, with or without con- 
comitant skeletal malformations, assumes considerable importance in the 
presence of symptoms which might be relieved surgically. 
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CONGENITAL ABSENCE OF THE DENS. 


This infrequent congenital malformation is due to failure of development 
of the dens. The lateral masses of the first and the body of the second cervical 
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vertebre retain their normal relationships. The condition frequently 
remains symptomless, and is not discovered until radiographic examination 
either discloses the defect incidentally or after trauma has precipitated 
symptoms. These vary from vague pain at the base of the skull and upper 
cervical area to sharp neck pain. Weakness of the upper extremities, 
tingling, hyperesthesia and paresthesia also have been noted. More ad- 
vanced pressure effects have resulted in quadriparesis. Bladder and bowel 
symptoms have not been recorded. 

Radiographic examination for congenital absence of the dens is best made 
using the open-mouth technic and with laminagrams. Being devoid of the 
usual upward projecting odontoid the medial aspect of the body of the 
second cervical vertebra assumes a flattened appearance. The relationships 
of the first and second cervical vertebre2 may be disturbed as a result of 
trauma. In these instances lateral displacement of the atlas as well as 
rotary posterior displacement can be demonstrated radiologically. 
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Congenital Absence of Pedicles and Articular Facets of Cervical Vertebre. — 
Among the various congenital anomalies occurring in the cervical spine, the 
congenital absence of a pedicle is a relatively infrequent occurrence and 
usually is of little clinical importance except from a diagnostic point of 
view. The condition may be confused with bony changes incident to ma- 
lignant disease or possibly neurofibromatosis. The deformity is probably 
the result of an aberration of segmentation arising in the first eight weeks 
of fetal life. As a rule the condition 1s not associated with any specific 
complaint. Overton and Grossman (1952) pointed out that changes in the 
planes and angles of articulation of the apophyseal joints may result in 
instability and may be associated with pain. 

From the ticioen viewpoint the diagnosis is most readily made on 
oblique stereoroentgenograms of the neck. In such cases the involved area 
presents an unusually large intervertebral foramen with no other evidence 
of adjacent bony distortion. If the deformity is somewhat more advanced 
there may be associated changes in the adjacent neural arch, such as absence 
of the associated lamina or articular processes. Deficiencies in the trans- 
verse processes have also been noted in association with this condition. 
According to Hadley (1952) this deformity may be multiple, so that several 
pedicles may be absent. Steinback, Boldrey and Sooy (1952) noted that 
the contralateral lamina in case of ‘congenital absence of the pedicle and 
superior facet of the seventh cervical vertebra was developed to a greater 
extent than normal and that this had articulated with the posterior surface 
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riorly. When asymmetric fusion exists varying changes in the alignment of 
the vertebral bodies results in straightening of the usual spinal curves or 
tilting towards the side of diminished height. Some authorities consider 
block vertebre a variant of the Klippel-Feil syndrome. 
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Congenital Lumbar Ribs.—This unusual and clinically unimportant con- 
dition sometimes is identified on lumbar spine roentgenograms as well as 
on films taken in the course of investigations which frequently are unrelated 
to the vertebral column. They occur more often in females. Lumbar ribs 
usually present as symmetrical structures which vary in length from a few 
millimeters to 5 or 6 centimeters. Instances in which these anomalous ribs 
are asymmetrical also have been described. Lumbar ribs usually present 
well-formed articulations with the transverse processes of the first lumbar 
vertebra. The osseous structure of the rib is normal bone undistinguishable 
from those above. Care must be taken in the diagnosis of a lumbar rib to 
make sure that there 1s no anomaly of the fifth lumbar vertebra which would 
lead to a false count. If there is any question as to a lumbar rib being 
present, a roentgenogram of the entire spine might be required before the 
diagnosis can be established. The length of the suspected lumbar rib offers 
no definite clue as to its presence, inasmuch as a normal twelfth rib might 
be short but otherwise unremarkable. 

Sacral ribs are rare. Infrequently tubular, elongated ossicles form in the 
lateral aspect of the sacrococcygeal area, situated on either side between the 
first coccygeal and the last sacral vertebrz. 

Cervical Ribs. —This frequent and sometimes clinically important anomaly 
represents a progressive development of the embryonic costal processes of 
the seventh cervical vertebra. The remainder of the cervical spine does not 
show similar maldevelopment. The radiologic diagnosis of cervical ribs is 
dependent upon the demonstration of a costal vertebral joint. Cervical 
ribs may develop to a widely varying degree, and present a wide variety of 
anomalous configurations. Some sharply terminate a relatively short dis- 
tance from the joint, others extend as much as 5 to 6 centimeters parallel to 
the course of the true first rib. Often the cervical ribs fuse distally with the 
subjacent first ribs. Anomalous configurations of the distal end of the first 
and sometimes of the second ribs also occur. Asymmetry of cervical nbs 
is quite common. 

In childhood the costal processes remain ununited until some time between 
the fourth and tenth years. During the earlier years these are independent 
of the transverse processes, and should not be interpreted as cervical ribs. 
The developing costal processes, which lie anteriorly, and the posteriorly 
situated transverse processes later unite to encircle the foramen trans- 
versarium. These foramina are usually not seen on cervical roentgenograms 
in adults, but may be identified occasionally in children. When cervical 
ribs exist, they are present at birth. It may be difficult to identify them 
from normal costal processes, but if their anterior and downward curvatures 
follow the course of the true ribs one may arrive at a reasonably correct 
conclusion. 
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In the x-ray demonstration of cervical ribs it has been found helpful to 
tilt the tube towards the head about 10 to 15 degrees in an effort to delineate 
the inferior margin of the suspected cervical rib from the adjacent first rib. 
In addition to this overpenetrated and oblique roentgenograms sometimes 
help identify an articular space which otherwise might be hidden. 

a other anomaly of the seventh cervical transverse processes which at 
times may assume an importance much the same as cervical ribs is a pro- 
longation of the transverse processes. 

While cervical ribs are frequently asymptomatic, and often are identified 
on routine roentgenograms of the chest, the condition nevertheless may be 
associated with clinical symptoms, notably pain referable to the neck, 
shoulder or supraclavicular region. This may be accompanied with severe 
pain extending down the arm following the course of the compressed seg- 
ments of the brachial plexus. The pain varies considerably in intensity, 
sometimes being sharp, at other times being of a dull, aching nature. Sensory 
disturbances may be associated with the pain, and if the lesion is such that 
the vascular structures of the base of the neck are embarrassed, changes 
referable to such pathologic alteration of the circulation may appear. 
Surgical intervention is sometimes required for relief of symptoms in severe 
cases. 
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Developmental Anomalies of the Vertebral Bodies.—In order to understand 
congenital deformities of the vertebral bodies one must keep in mind their 
embryologic development from the notochordal to the mesenchymal state, 
thence into cartilage and finally differentiation into bone and intervertebral 
discs. Aberrations in growth occur at any time during the course of develop- 
ment, and the consequent deformities bear a relationship to the stage of 
growth when this supervened. The important fact that alterations in 
blood supply influences the pattern of growth likewise must be remembered. 
Ossification depends on the vascular supply, and if either the dorsal or 
ventral distribution to the respective ossification centers fails to appear 
there follows maldevelopment and failure of growth in that area. If there is 
vascular aplasia, the vertebral body fails to ossify, and a gibbus formation 
follows. If the neural arches continue to grow, fusion sometimes takes 
place anterior to the spinal canal resulting in a small dorsal hemivertebra. 

Persistence of the notochordal canal infrequently results in a slender 
cylindrical deformity best identified on lateral roentgenograms. When this 
persists and is associated with coronal cleft vertebrz it 1s characterized by 
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The ultimate picture of disruption is one in which there is neither pattern 
nor organization in the distribution of the respective vertebre. The 
appearance is one aptly described as a “mixed-up spine,” composed of 
rounded, triangular, cuboidal and sometimes multiangulated structures 
which seemingly fit into each other to form a vertebral column whose 
components often cannot be distinguished one from another. In these the 
disruption often involves the neural arches and pedicles as well, together 
with malformations of the adjacent ribs and transverse processes. This 
type of pronounced change has been ascribed to a faulty bilateral cranial 
hemimetamenic shift of the vertebral segments which occur in the very early 
stages of the growth of the vertebral column. This shift occurring on one 
side causes an anlage for half a vertebra to remain at the lower as well as 
at the upper end of the unequally shifted and mismatched vertebrae. The 
more advanced forms of this is incompatible with life. 

A relatively rare vertebral malformation is the dorsal hemivertebra which 
results from failure_of ossification of the anterior ossification center, probably 
because of failure of the blood supply to that area. The anterior half is 
reduced to a fibrous strand, while the dorsal half assumes a triangular con- 
figuration with the vertebral bodies above and beneath approaching each 
other. A gibbus deformity results and considerable spur formation often 
follows as a reparative effort. The uninvolved adjacent bodies sometimes 
increase their vertical dimensions. 

Ventral hemivertebrae might be anticipated when the blood supply to 
he posterior half of the developing body fails. However, there is insufficient 
evidence to warrant further comment on this intriguing but apparently very 
rare possibility. 

Complete agenesis of the vertebral bodies may be observed in stillborn 
infants with marked congenital malformations, and as such have consider- 
able academic but little practical radiologic interest. However, agenesis of 
the vertebral bodies as a cause of dwarfism has been mentioned by Giannini, 
Borrelli and Greenberg (1948) who reported a four-and-one-half-year-old 
male with multiple developmental defects including incomplete develop- 
ment of the thoracic vertebral bodies with a complete lack of several seg- 
ments. They found that this deformity may not be a true absence of a 
vertebral body as one understands the term from a literal translation, but 
may represent a stage or a form of anomalous development of many of the 
vertebral bodies corresponding to the complete disruption mentioned above. 

A considerable number of clinical AGle oH: may be drawn from the 
presence of anomalies of the vertebra. When the defect is mild the only 
change of clinical importance may be a relatively fixed and asymptomatic 
curvature of the spine. However, it may cause some question in dif crencial 
diagnosis because of some resemblance to tuberculous spondylitis or frac- 
ture. If there is a more pronounced degree of deformity, mild or severe 
pain may be present. Of more interest from a diagnostic point of view 1s 
the fact that the existence of even a mild congenital anomaly in the spine 
may point toward the co-existence of other visceral congenital anomalies 
of considerable significance. 
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Cleft Spinous Processes.— This is one of the common anomalies of vertebral 
structures and very often is unassociated with any specific clinical com- 
plaints. Its mildest form is a lack of fusion of the neural arches of one or 
several vertebre. The most common location is in the fifth lumbar neural 
arch, and the first sacral segment is next in order of frequency. The co- 
existence of both lesions is not uncommon. In addition one may often 
observe a variable degree of lack of fusion of the dorsal plate of the lower 
portion of the sacrum, varying from a small cleft in the distal portion of 
the bone extending over one or two segments to an almost complete lack of 
fusion represented by a central radiolucent streak extending for the entire 
length of the sacrum. 

Statistics as to the incidence of failure of fusion of the upper sacrum 
and the fifth lumbar neural arch vary. Southworth and Bersack (1950) 
reported that out of 550 patients with anomalies of the lumbosacral verte- 
bre most had little or no symptoms referable to the low back. Spina 
bifida occulta was present in 18.2 per cent; 2.2. per cent of these occurred in 
the lumbar spine and 16.0 per cent involved ire sacrum. They analyzed 
the defects in the neural arches and found that of the lumbar defects only 
one was to the left of the mid-line. Of the sacral defects 3 were to the right, 
2 to the left of the mid-line, and 1 bilateral. The vast majority of the de- 
fects were central in location. Dittrich (1938) reported that 5 per cent of 
all spines examined roentgenologically presented spina bifida occulta, a 
figure close to that reported by Breck, Hillsman and Basom (1944), who 
reported an incidence of 6 per cent in a series of 450 cases. However, 
Friedman, Fischer and Van Demark (1946) reported an incidence of 36 
cases of spina bifida occulta in a review of the cases of 100 soldiers. My 
own experience coincides with the last authors’ insofar as frequency of 
occurrence is concerned. It is not at all infrequent in the course of routine 
gastrointestinal or genitourinary examinations to encounter a completely 
unsuspected and symptomless spina bifida occulta of the fifth lumbar verte- 
bra, the first sacral segment or a varying degree of spina bifida of the lower 
dorsal aspect of the sacrum. Combinations of all of these three are frequent, 
and together with them the incidence of atypical formation of the articular 
processes between the fourth and fifth and fifth lumbar and first sacral 
segments is by no means uncommon. 

In addition to cleft spinous processes 1n the regions named above I have 
seen frequent instances of lack of fusion of the spinous processes of the 
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vertebra. These less frequent examples portray. the embryelope change 
more faithfully in that she lesion is tepeesented by aithin radiolucenr cleft 
in the vicinity-of the spinaiis process of the affecred vertebral segment. “The — 
range of variarion: ah the appearance of the lamina und pedicles of these _ 





Fé: 76. Incomplete {usion-o}-spinaus pracess of 1we}Gh dorsal vertebra, syiliyunequal height 
vs gt that vertetrat body ./ Note: the sorivexity of The spine towards The defy 0 


vertebra: is less than in the fifth lumbar nr firsr sacral segments. Clefe 
spinous processes in these cegions follow the parrern of fuston ot the lamina - 
‘an the saidsine sa form the spinous process. Treshould be recalled chat the” 
lannine fuse at aboue rhe hist yearot bfe and ther development 1s completed: 
during adolescence, “The spurous, process 1s capped ar about rhis time by 
att apoplvsis which calcifes complerely and fuses with the mam mass of. 
the spines process ar shour the nventy-fourth or rwency-fifth vear of life. 
fhis addirional apophesis samerimes fails co ute with che spinous process, 
and the structure may appearas a rather oval c aleitte shadow overlyin g the. 
defect in the involved neural arch. ‘This cod may somerimes assume an 
anomalous appearance and may grow to a fairly large hook-shaped bane. : 
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on Aw ingeande: of this pavbee rare, anomaly associaned with considerable Back 
pan #8 shown In Figure 77. a goss oh 
RES NRE bile. ese parents wit lumbar libs spinous. pincesses. ‘denalhe Have ne : 

: specific. camplaints thet ae ‘verrain cases in which the. anomaly: ‘may be“ 
» gecompamed by low batk j i Rath cases are: very difhe cule toevaliate — 
and the detect should not te held as 5 the epee factor unnil all other : 
he “possibilities have heen exceed = | 
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Bice thst, Atitetopostertor, view af luniber spate. Ietcamplete, Fissii of. ie. apinents proc eg eee B 
cof the fourth himbar: verteliras Just abaye ‘this clef Ms a fitlear ossicle (arrow) directed 158 ards. : 





the jeft. gf dhe midline, A, Same case, lateral view: The ossitte can be seen just HOVE: fhe hase of Sree Sie 
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oe oe very ay iteresehip 8 SeTIES: = ofe cases was: < pubbihed hiss Joana and Ploesnée aces 
aS (1953), who: reported: = group. af $3 | patiencs: with: low ‘back: pain radiating Cy cy 
_ the hips and someriaiés to-borh lower exeremities or taone deg. While this 
pain. was sometimes: recutrent,- st: ofren Was. Continnsds: aver. ae period. of os: : 
years and could be. aggravated: by bending Ul sually. fe reflex or sensory” 
_. changes. were noted. Operation duclased, amass of Ghrous or fibrolipam- 
 atous tissue, often: with a ‘vonstricting misses af fibrous fisste invelying the 
dura. Ar times fibrosis invelwing the sheaths of the emerging nerve roots 
was encountered. They did not. observe. cord invalvem ent BY xraction one: | 
the flum ternnnale. None of their cases showed any evidence of myelor 
Gysplasts, and, the bony defects ¥ were e imiinal "Apparently the e ain nas 


Cleft Spinous: Processes: : 135 : 


produced by a traction: ‘mechanism in wehiely the dened fibrous tissue ex~— 
rended from the. dura to an insertion where the posterior spinous processes. 
otdinarily would have appeared, and: there the ‘hbrous bands: hecamic ahs 3 
tached to the lumbar fascia of the back. is ee 
-Radislogically, lumbar cleft spinous processes : are csiven: sdensined & on rau: Bs 
tine: anteropostenor roentgenograms of the fanibosacral spine-or abdomen, 
; In certain IASTANGES 2. nlr-up study of the: fumbosacral articulation ys helpful 
a ideetly ng she neur al ACES ot the fire Jumibar and age sacral SREEnes, oe 
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The configuration of the neural arches in these patients may vary consider- 
ably. In some the bifid spinous process may be manifested by a double, 
rather heavy stump-like shadow of the unfused spinous processes. The 
cleft may measure from 2 to 5 mm. in width, and its direction may be either 
sagittal or oblique. In others only one of these calcific shadows may be 
seen, the other having failed to develop. 

The laminz sometimes develop asymmetrically, and may vary in thick- 
ness. The first sacral segment may show a defect which varies from a slight 
slight downward concavity of the dorsum of the first sacral vertebra to a 
complete absence of this area. A rather V-shaped deformity of the body 
of the first sacral segment may co-exist with the spina bifida occulta of its 
neural arch. 
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Diastematomyelia.—This remarkable but infrequent malformation of the 
spinal cord represents a developmental error associated with disturbance 
of the growth of the neural plate and the neurenteric canal. In vertebrates 
the neurenteric canal is a minute connection between the amniotic cavity 
and the yolk sac. It passes through the primitive node, which migrates 
caudally as the neural plate evolves into the spinal cord. At no time in its 
development is the cord duplicated, so that diatematomyelia does not 
represent a twinning or actual double development of the cord. Persistence 
of a connection between the dorsal aspect of an ectopic or accessory neu- 
renteric canal is followed by malformations of the cord, the vertebre and 
the neural arches. Similar communications between the ventral aspect of 
the neurenteric canal results in various malformations dependent on the 
open area. Enterogenous cysts may follow persistence of the midportion, 
duplication of the bowel from persistence of the ventral portion alone, while 
if the terminal segments persists, a wide variety of lesions such as cutaneous 
sinuses, dermoids or teratomas may occur singly or in combination. If 
both the dorsal and ventral portions of an accessory neurenteric canal 
persists, various combinations of vertebral and visceral malformations can 
occur. 

The term diastematomyelia indicates the presence of a fissure of the spinal 
cord. The spur formation often observed in the middle of the defects 1s 
attributed to the formation of a central fused pedicle resulting from ab- 
normal growth of the underlying malformed vertebra, which, in the process 
of growth as a bifid structure, laid down a rudimentary pair of pedicles. 
When calcified, the central spur 1s a reliable index to the correct diagnosis. 
In some instances the spur is cartilaginous, and hence cannot be identified 
on plain spinal roentgenograms. The bifurcation of the cord, which may 
extend over several segments, cannot be estimated from the position of 
the spur. 

Diastematomyelia is encountered in both sexes at any time from fetal 
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, diastematomy ‘elis discloses fairly charatrerietic: changes. These consist of 


3 wide vapery af onjalforuiations. of the verrebral bodies,’ including: hemin 
-vertebice, unsegrented: ‘gad hy poplastic vertebral Badies, narrow interyer- 


| tebral spaces,’ kiphosis. and: seahosts, ° The neural ‘arches mat he analfornted, oe 
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may be flattened and thin, simulating the appearance which may be associ- 
ated with a larger mass. The condition is often accurately ascertained by 
the demonstration of a spur which protrudes from below upwards between 
the split spinal cord or cauda equina as a bony septum which may measure 
up to 1.5 cc. in length. It may be seen as a rather spindle-shape or oval 
bony density in an area with malformation of the vertebral bodies and 
neural arches. This bony spur may be attached to the dorsal aspect of the 
underlying vertebral body with its apex directed into the lumen of the 
canal. While this process is usually single, it sometimes is multiple. The 
bony spur may be absent, and in its place a band of connective tissue which 
sometimes contains cartilage may protrude between the divided segments 
of the spinal cord. This connective tissue septum may be quite long, and 
within it a bony spicule may be present. According to Neuhauser, Witten- 
borg and Dehlinger the avobred. pedicles are not narrowed, differentiating 
the change from that due to tumor pressure. However, Walker (1944) 
observed that in 1 of his cases thinning of the pedicles was present, so that 
one cannot completely rely upon their configuration in differential diagnosis. 
Certainly the diagnosis of diastematomyelia would appear to come to mind 
quickest in the presence of advanced vertebral deformities, particularly 
if a bony spur in the mid-line can be demonstrated. 

Pantopaque myelography often is helpful in diagnosing diastematomyelia, 
particularly if the characteristic spur 1s absent. In such cases the myelo- 
grams disclose a radiotranspartent midline linear shadow pointing towards 
the existence of a possibly unsuspected cartilaginous or fibrous septum. 
Associated with this may be irregularities in the pantopaque column 
secondary to arachnoidal adhesions. An unusual myelographic picture was 
mentioned by Cowie (1951) in his report of a twelve-year-old boy who had 
a spina bifida extending from the seventh cervical vertebra down to the 
mid-thoracic level together with a mild cervicodorsal scoliosis. The bodies 
of the second and third dorsal vertebrz presented irregular bony outlines 
mainly toward their left side with wedging of the lateral aspects of these 
vertebral bodies to a mild degree. A central defect in these vertebral bodies 
was noted together with considerable narrowing of the second and third 
intervertebral spaces without actual fusion. The interpedicular measure- 
ments in the upper six dorsal vertebrae were increased. Myelography 
showed a constant filling defect on the left side of the level of the second 
dorsal segment. This defect was irregular and confined to the lateral aspect 
of the column. At operation this change was found to be due to absence of 
filling around one part of the divided cord. The myelograms may also 
portray graphically the increase in the width of the spinal canal. An inter- 
esting observation was made by Walker (1944) who reported that a pneumo- 
myelogram on 1 of his cases showed marked enlargement of the sacral sac. 

Mention should be made of associated congenital anomalies which may be 
identified on physical examination. Cutaneous defects in the region of the 
underlying neural abnormality in the form of abnormal tufts of hair, 
dimples of the skin, lipomatous masses and port-wine angiomas should 
sharpen the observer's vision for the detection of the characteristic bony 
spur in the middle of a widened spinal canal. 

The diagnosis is of more than academic importance inasmuch as surgical 
intervention sometimes affords considerable relief. Such cases are reported 
by Matson, Woods, Campbell and Ingraham (1950). 

Diastematomyelia is often accompanied by evidence of neural deficiencies 
of the lower extremities characterized by loss of sphincteric control, failure 
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to walk properly as the child grows, and abnormalities of the lower extrem- 
ities including muscular asymmetry and malformations of the feet. Reflex 
changes may also be present in these regions. Walker (1944) asserted that 
the tension on the spinal cord produced by the fixation of the cord to the 
involved area is the main reason for symptoms developing early in adult life. 
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Meningocele and Myelomeningocele.—By definition a meningocele is a 
protrusion of the meninges through vertebral or cranial defects occurring in 
infants as a congenital malformation. Depending upon the formation of 
the sac and its content a variety of names suggesting the histopathologic 
components have been suggested. That proposed by Recklinghausen in 
1886 is considered as being the most practical. The condition is categorized 
as spina bifida with meningocele where the meningocele is associated with 
an incomplete fusion of the neural arch. The overlying skin may be entirely 
normal or covered by a thin parchment-like epithelium. The sac in these 
cases 1s composed of the meninges and contains only spinal fluid. Spina 
bifida with myelomeningocele indicates the presence of portions of the 
spinal cord or the nerve roots within the sac or attached to its walls. Many 
degrees of involvement of the concomitant neural tissue with the meningeal 
sac may exist, and a large number of confusing terms have been applied to 
this general condition. The term spina bifida occulta anterior with meningo- 
cele indicates that the protrusion may take place through a defect in a 
vertebral body or the sacrum with projection of the sac into the thoracic 
or abdominal cavities or the pelvis. In such cases the overlying skin may 
be normal in appearance except for local patches of hair or subcutaneous 
mounds of lipomatous tissue. When the sacs contain nervous tissue the 
condition is referred to as spina bifida occulta anterior with myelomeningocele. 

The term ‘“‘rachischisis” is generally accepted to imply a more advanced 
form of spina bifida with a large bony defect including absence of laminz 
and pedicles, with direct exposure of nervous tissue and little or no sac 
formation. This condition 1s considered a developmental defect due to 
failure of fusion of the dorsal walls of the primitive ectodermal neural canal. 
Rachischisis may occur throughout or involve a portion of the spinal canal. 
The spinal cord and meninges in the areas of extreme involvement may be 
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approach normal as the upper and lower extremes of the defect are reached. 
Associated with this is a maldevelopment of the neural arches of varying 
degrees, so that radiologically the laminz and spinous processes are very 
dificult to identify. The mouth of the protruding meningocele does not 
necessarily correspond to the area of maximum widening of the interpedic- 
ular spaces. As a rule this region is considerably wider than the anatomic 
neck of the sac. 

The appearance of the pedicles varies considerably. In some cases 
they may be relatively flattened but more often they retain a rather attenu- 
ated but still circular appearance. One gets the impression that the verte- 
bral body seen through the sac 1s presented in much better detail than the 
supra- and infra-adjacent segments in which the neural arches are intact. 
In some cases the intervertebral discs spaces are relatively well main- 
tained and the vertebral bodies are well formed. The concurrence of 
congenital malformations of the vertebral bodies and changes in alignment 
is by no means uncommon and may be accepted as part of the picture of 
meningocele or myelomeningocele. 

On lateral views the soft tissue components and osseous contents of the 
protruding sac can be well demonstrated, and are helpful in recording con- 
figuration and size. The sac may also be seen on the anteroposterior views 
overlying the spine as a faintly radio-opaque shadow with a smooth outline. 
A radiologic diagnosis of meningocele in utero might be postulated if roent- 
genograms show a curvature of the lumbodorsal area convex dorsally, or 
if defects in the vertebral column are seen. 

In the less frequently encountered meningoceles of the cervical and 
thoracic regions, a similar type of defect of the neural arches is noted, but 
as a rule the change 1s less marxed. It is hard to determine even with 
roentgenograms whether a meningocele protrudes from a defect in the 
posteroinferior aspect of the occipital bone, or from an associated anomaly 
of the neural arches of the first and second cervical vertebre. We have 
encountered instances in which defects were present in the neural arches 
of the upper cervical segments together with maldevelopment of the inferior 
aspect of the occipital bone. In other cases the meningocele protruded from 
a circular defect in the middle of the lower portion of the occipital bone. 
In both circumstances, the external appearance of the hernial sac was very 
much the same. The concurrence of lacunar skull with these meningoceles 
is frequent. 

Intrathoracic meningoceles are uncommon lesions characterized by pro- 
trusion of a sac of dura through an enlarged intervertebral foramen into the 
thorax, displacing the posterior aspect of the parietal pleura anteriorly. 
In configuration and extent they are rather similar to hourglass tumors, and 
their association with neurofibroma is relatively frequent. It is presumed 
that intrathoracic meningoceles arise from a primary dural defect associ- 
ated with hypoplasia of adjacent bone. Congenital mesodermal aberration 
affects both the dura and the vertebra, and because about two third of the 
reported cases of intrathoracic meningoceles have been associated with 
vertebral anomalies a common origin 1s postulated. Intrathoracic meningo- 
celes without concomitant neurofibromatosis has been reported, but in these 
cases also vertebral defects have been noted. 

Intrathoracic meningoceles occur as- unilateral, and occasionally as 
bilateral tumors. The diagnosis is facilitated by the identification of associ- 
ated spinal deformities such as kyphosis, scoliosis, vertebral erosions, en- 
larged intervertebral foramina, or scalloping of the adjacent vertebral bodies 
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Anterior Sacral Meningocele.—This is a relatively infrequent congenital 
anomaly, usually associated with absence of half the sacrum producing 
a curvilinear, sometimes semicircular defect in either the right or left lateral 
halves. Projecting from this is a sac-like intrapelvic protrusion containing 
cerebrospinal fluid. Symptoms may be produced by pressure of the tumor 
on the pelvic viscera. Rew: deficits may be incurred by involvement of 
the sacral segments, and a bizarre and most interesting symptom is the 
development of headache from intermittent increases in intracranial pres- 
sure by direct hydraulic action (Brown and Powell, 1945). Rarely agenesis 
of the lower sacrum may be bilateral rather than unilateral. 

In addition to the plain films, which in themselves may be diagnostic, 
further information may be obtained by myelograms in which the pan- 
topaque can be demonstrated entering the meningocele. 
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Occult Meningocele.—This term refers to a widening of the distal end of 
the dural sac, usually unassociated with gross maldevelopment of the adja- 
cent bone other than a variable widening of the sacral canal. The diagnosis 
is usually established myelographically. The caudal sac, instead of showing 
a pointed distal end, widens out into a spherical or cylindrical bag which may 
vary from 1 to about 5 cm. in diameter. The defect usually is enclosed 
within the vertebral canal, which sometimes may be demonstrable on 
lateral roentgenograms of the sacrum as a thinning of its dorsal aspect at 
approximately the second, third and fourth segments. The cyst usually is 
connected with the spinal subarachnoid space by a small channel. However, 
in several cases which we have observed the channel leading into the 
meningocele was quite wide, being a centimeter or more in diameter. 

Occult or intrasacral meningocele often 1s asymptomatic, but has been 
associated with backaches and sacral nerve pain. The 3 cases reported by 
Archer, Cooper and Cimmino (1948) presented widely differing symptoms 
consisting of pain after trauma, urinary incontinence and various neurologic 
defects. Physical examination as a rule will not disclose a mass in this 
vicinity, but a congenital lipoma may be observed just beneath the skin or 
some of the deeper structures. Pool (1952) described traction effects on 
the spinal cord and local signs produced by occult sacral meningoceles in 
adults, and relief followed surgical intervention. At operation the sac was 
found to be lined with arachnoid, with nerve roots incorporated in its wall. 
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tissues in the dorsal median region of the developing embryo, with resultant 
pathologic states manifested in the cutaneous, mesodermal or neural 
derivatives of these tissues. Dermal sinuses are regarded as malformations 
in the development of the neural canal. 

On physical examination the diagnosis of pilonidal sinus is readily estab- 
blished by identification of the sinus opening in the midline between the 
buttocks overlying the lower sacrum or coccygeal segments. Associated 
with this opening may be a tuft of hair protruding from its orifice. The 
identification of these lesions point to further investigation of the bony 
structures underlying them. Sinus openings occur less frequently in the 
cervical or thoracic regions. 

A connection between congenital dermal sinus and the dura was reported 
by Clifton and Rydell (1947), who presented what they considered the 
sixteenth such case. Their patient was twenty-two years old, which was 
older than usually seen. The plain films showed a spina bifida involving the 
entire sacrum. Myelography, however, showed that as the opaque medium 
flowed caudally it split into two columns. At operation this defect was 
found to be due to the thickened, taut flum terminale which was drawn 
and held posteriorly by inflammatory adhesions. This corresponds with 
the filum terminale syndrome described later by Garceau (1953) as occurring 
in many other congenital diseases such as spina bifida, meningocele and 
myelomeningocele, Klippel-Feil syndrome, cranium bifidum and diastem- 
atomyelia among others. 

Pilonidal sinuses may involve segments above the lumbosacral area. A 
group of these was gathered by Kooistra (1942) who analyzed 14 cases 
from the literature including 1 of his own. One of these occurred in the 
cervical region, 5 in the thoracic region, 3 in the lumbar region, and 5 in the 
sacral region. In all but 2 of the cases described by him an associated spina 
bifida was present. Kooistra mentioned that in sinuses occurring over the 
upper half of the cord the picture of infection was usually absent; and that 
the clinical appearances were those highly suggestive of a spinal cord tumor. 
Cervical pilonidal sinuses may extend into the posterior cranial fossa, and 
when associated either with infection or an epidermoid, present the signs 
and symptoms of a cerebellar tumor. 

In those cases which present symptoms referable to the spinal cord the 
advisability of myelography must be kept in mind. The discovery of a 
pilonidal sinus emphasizes the need for this procedure, which may either 
discloses deformity of the spinal canal, or partial or complete block. 

The concurrence of epidermoid tumors and pilonidal sinuses will be dis- 
cussed under the heading of Spinal Cord Tumors. 
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Iliac Horns.—In 1946 Fong reported a condition which he designated as 
iliac horns. These were represented by symmetrical bilaterally placed pro- 
trusions from the posterior surfaces of the iliac bone adjacent to the sacro- 
iliac joints. His case occurred in a twenty-seven-year-old woman and the 
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rocesses measured approximately 2.5 cm. in diameter, and projected 
recip and anteriorly for a distance of about 3 cm. He was unable to 
explain their etiology. This was later clarified by the work of Roeckerath 
(1951) who considered this deformity indicative of a hereditary dysplasia, 
associated in some of his cases with hypoplasia of the iliac bones, protrusion 
of the acetabulz, coxa valga, dysplasias of the knee joints, elbows, feet, 
arms, hands and shoulder girdles and particularly of the nails. Anomalies 
of pigmentation of the iris also were seen. His work was confirmed by the 
reports of Cotette and Pfandler (1952) who reported on the radiologic and 
genetic aspects of this condition in a family comprising 51 subjects of four 
generations. ‘They included spinal changes such as increased lumbar 
lordotic and cervical curvatures among the radiologic alterations. 
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Congenital Torticollis —This condition was recently studied by Hulbert 
(1950), who reviewed 100 cases of torticollis and 117 cases of sternomastoid 
tumors. These were subdivided into postural and muscular groups. Con- 
genital postural torticollis 1s present at birth and is not associated with 
sternomastoid tumor. The condition is transient and does not require oper- 
ation for relief. Congenital muscular torticollis may be preceded by a 
sternomastoid tumor which is evident in about 20 per cent of cases on 
physical examination. Most of these respond spontaneously and leave no 
deformity. Excision in childhood is inadvisable. There are no definite 
associated skeletal changes in the cervical spine with either condition. 
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Congenital Rotation of the Spinal Cord.—Morely (1953) reported a case in 
a paraplegic patient in whom the spinal cord at the level of the eighth and 
ninth thoracic vertebre was found to be rotated about 60 degrees. The 
nerve roots were coiled half way around the cord above and below, with the 
dorsal root ganglion displaced into the canal. The left nerve root emerged 
from the right canal, and the right nerve root passed through the left canal. 
There were no roentgenographic changes associated with this condition. 
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Spinal Curvatures.—The term scoliosis refers to lateral curvatures of the 
spine. Much depends on proper identification and management of these 
deformities. The clinical acumen and good judgement of the responsible 
physician often determines whether a patient undergoes one form of treat- 
ment or another, or indeed no treatment at all. Radiologic investigations 
must be accurate and the progress of the condition under continous observa- 
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tion to help in preventing progression to a distressing and disabling mal- 
formation 1n some instances. 

The classification of scoliosis takes into account curvatures of known and 
unknown etiology. Accordingly, they are designated as due to congenital 
abnormalities such as osteochondrodystrophy, vertebral malformations such 
as, for example, hemivertebrz, or neurofibromatosis. Among other known 
causes are poliomyelitis, the various myopathies and neuropathies which 
result in muscular weaknesses and imbalances, and organic causes such as 
deformities which follow thoracoplasty. The larger group is of unknown 
origin, and is referred to as the idiopathic group. Some question has been 
raised as to a possible relationship between the myopathic and the idiopathic 
groups. A physiologic form also has been recognized. 

The concept of primary and secondary curves is stressed by Cobb (1960) 
as basic to the understanding scoliosis problems. Following Ferguson’s 
teaching, he points out that a primary curve is one produced by a deforming 
factor or force. A secondary curve is regarded as the result of involuntary 
muscular action to center the head on the pelvis as best as possible. 

The normal spine as seen laterally presents four normal curves. The 
sacral and thoracic curves are concave anteriorly, and the cervical and 
lumbar curves are concave posteriorly. The sacrum, being a fixed structure 
incapable of movement, presents a structural curve which Cobb points out 
may be regarded as a primary curve. The thoracic vertebrz, being partly 
movable, has elements of both the primary (structural, fixed) curve and 
the secondary (functional) curves. The cervical and lumbar portions of 
the spine are capable of changing their configurations by bending, rotation 
or angulation. This permits the appearance of flexible, correctible curves 
which are regarded as functional (secondary) curves. Lateral curves are 
not normally present, but may form during motion, and then straighten 
out. In this sense, they are regarded as functional lateral curves. Some 
degree of this type of movement is present in the lower thoracic spine. 

Normally the vertebral bodies are vertically aligned on a central axis, 
and are symmetrically formed. No changes in the configuration of the 
individual vertebrz are observed when the individual bends or moves. The 
alteration in the configuration of the spine is accomplished by the action 
of the intervertebral discs and the normal range of motion of the various 
vertebral segments. The presence of vertebral wedging and rotation is of 
primary importance in the identification of a structural curve. The angula- 
tion and position of the vertebrz likewise are extremely significant. Cobb 
is of the opinion that the terms “primary curve” and “‘secondary curve’”’ 
might better be replaced by the designations “structural” and ‘‘functional”’ 
curve. Those with major structural changes can then be designated as 
major structural curves, those with minor structural changes as minor 
structural curves. Combined structural-functional curves are those which 
possess both structural and functional elements which the patient can cor- 
rect when erect. 

Physiologic scoliosis was investigated by Farkas (1941), who reported that 
measurements of the twelve thoracic and five lumbar vertebrz of 21 normal 
spines and 1 scoliotic spine in patients from six to eighty-six years old 
showed that the postnatal development of a normal spine became asym- 
metric at about the age of six years and progressed with advancing age. 
This asymmetry occurred in the vertebral bodies and pedicles as well as in 
the arches. The most striking feature was a dorsoventral elongation of the 
yertebral bodies. In the upper thoracic region this occurred predominantly 
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on the left side, while in the lower thoracic region it was more prominent 
on the right side. In the lumbar region this change was again present on 
the left side. Lengthening of the pedicles on the side of the elongation and 
broadening of the pedicles on the opposite side was noted. Deviation of the 
neural arches and broadening of the pedicles opposite the side of the elonga- 
tion were present. He felt that in physiologic scoliosis, contrary to the © 
findings in pathologic scoliosis, wedging of the vertebrz was of only minor 
importance. He ascribed the cause of physiologic scoliosis to the human 
gait, which forces the spine into a threefold curve changing alternately at 
every step. 

Idiopathic scoliosis accounts for 80 to 90 per cent of cases and may be 
familial in origin. Relatively few of these patients require surgical correction. 
The curvature of the spine is lateral. The primary curve is that which 
persists with the patient in forward flexion, and occurs anywheres in the 
spine. Compensatory curves are those above and below the primary curve, 
and usually straighten out in flexion. In lumbar scoliosis the primary 
curve is such that no compensatory curve forms below, so that only two 
are present. Cervical curves are uncommon. 

Infantile idiopathic scoliosis makes up an important group. This condi- 
tion begins somewhere before the second or third year, and 1s either resolv- 
ing or progressive in its course. In the former group the curvature 
diminishes as the child grows, or the curve remains relatively unchanged. 
No treatment is required. With the progressive form of infantile idiopathic 
scoliosis the curvature usually is in the thoracic region with the convexity 
toward the left side. The condition supposedly is more frequent in males, 
and may progress rapidly to severe deformities or dwarfism. Idiopathic 
scoliosis also makes its appearance in juvenile or adolescent youngsters as a 
more rapidly progressive deformity. It has been stated that the lower the 
curve the better the outlook for the patient. Progression of the curvature 
is possible up until the time the veretbrz cease to grow. A relationship to 
the appearance of the iliac apophyses has been noted, vertebral growth 
ending when these appear. After this time the curves do not progress much. 
Curvatures of the thoracic spine also occur toward the right side, but 
supposedly are later in onset. The factors which appear to influence the 
prognosis include the length of the curve, the degree of vertebral rotation 
at the apex, the age of onset and the rapidity of deterioration. 

In idiopathic scoliosis a more complex jelous exists, consisting of 
lateral deviation of the spine with rotation of the vertebrz. As a rule, the 
curves present with idiopathic scoliosis are multiple. A single major curve 
accompanied by one or two compensatory curves 1s observed fairly fre- 
quently, the curves compensating for the spinal vertical alignment. Single 
major curves are more likely to cause structural deformities. Idiopathic 
scoliosis may involve the lumbar spine alone beginning at about ten years 
of age and continuing to adolescence. This type, as a rule, is innocuous, 
but may be followed by degenerative hypertrophic changes of a painful 
nature later in life. Involvement of the thoraco-lumbar region alone 1s in- 
frequent. This curvature usually develops during adolescence, and may be 
deforming. It requires careful observation. Scoliosis limited to the dorsal 
spine may be severe and rapidly progressive, requiring expert evaluation 
and management. It occurs mainly in girls from five to sake years of age. 

Opinion is still divided as to whether the lateral deviation or the rotation 
of the vertebrz is the initial deformity, whether these two changes are inde- 
pendent of each other, or whether they are the natural concomitants of 
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The curvature usually ceases to progress about one year before ossification 
is complete. According to Ponseti and Friedman (1950) a rapid increase 
in the curve as noted on serial roentgenograms is of poor prognostic signifi- 
cance. James (1951) stated that only 5 to 10 per cent of idiopathic curves 
become severe enough to require correction and fusion. 

According to Arkin (1949) wedging can best be explained by unilateral 
epiphyseal arrest. ‘This had also been brought out experimentally by 
Bisgard and Musselman (1940), who produced scoliosis by destroying only 
one side of a growing vertebra, so that wedge-shaped vertebral bodies and 
lateral deviations of the spine were produced. Experimental scoliosis was 
also studied by Nachlas and Borden (1950) who produced a human-like 
type of scoliosis in dogs by experiments which controlled epiphyseal growth 
with piano wire staples. The deformities were progressive even after the 
staples had been removed. Compensatory thoracic spine curves appeared 
in several animals. The relationship of the growing epiphysis to scoliosis 
was brought out by Haas (1939) who 1n dog experiments was able to produce 
kyphosis and scoliosis by injuring the cartilaginous vertebral plates. He 
concluded that the growth in the length of vertebrz occurs in a manner sim- 
ilar to growth in length of long bones, namely, by a proliferation at the 
cartilage end plate with no interstitial growth within the body. Somerville 
(1952) reported that so-called structural scoliosis was the result of failures 
of growth of the posterior elements of a segment of the spine. He pre- 
sented the results of experiments in young rabbits in which trauma to the 
laminz and spinous processes was followed by curvature of the spine. 

Radiologic investigations of the spine in cases of scoliosis should include 
films which visualize the spine from the level of the iliac crests up to the 
cervical region. These studies should be made with the patient in the 
supine, the sitting, and in the erect positions. In the event of a significant 
degree of curvature, further studies may be made with the patient seated 
with a 2- to 3-inch block under each buttock. Additional studies may be 
required with the patient erect, first with the right and then with the left 
foot elevated by a 2- to 3-inch block as deemed necessary. The study 
should be augmented by lateral films as well as conedown studies of the 
lumbosacral articulation in the anteroposterior and lateral views. Repeated 
examinations for changes in the scoliosis angles should be made at from 
three- to six-month intervals. The scoliosis angles may be identified as 
shown in Figure 92, p. 156. A chart may then be prepared in which the 
degree of wedging, rotation, angulation and the position of the vertebrz 
is recorded according to date, utilizing the same points of reference for 
each study as developed by Cobb (1948) whose “Outline for the Study of 
Scoliosis”’ should be read carefully in the original. 

Paralytic scoliosis following poliomyelitis may appear within a few months 
after the acute episode, and be rapidly progressive. It may also be slow in 
development, appearing several years after the original disease. According 
to Cobb this group makes up 30 to 50 per cent of all cases requiring fusion, 
and is one of the more serious complications of the disease, requiring pro- 
longed and expert management. 

he weakening of spinal muscles by poliomyelitis results in structural 
and postural imbalances causing a wide variety of spinal curvatures. The 
superficial longitudinal muscle group controls extension, while the deep 
oblique and transverse groups affect rotary movement. Both groups 
participate in lateral flexion. The extraspinal muscles also participate in 
the establishment of normal posture, and departures from their normal ac- 
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The effects of irradiation on the growing spine were summarized by 
Neuhauser, Wittenborg, Berman and Cohen in 1952, who reported on 45 
patients who had received x-ray therapy over the spine. Thirty-four of 
these patients were living and had been observed over a period averaging 
six and one-half years. Postmortem examinations were available on 11 
patients. The significant changes in these were nonspecific growth retarda- 
tion and irregularity of ossification of the epiphyseal cartilages. These 
authors noted that scoliosis is only rarely produced if the spine received 
uniform irradiation. 

A rare form of scoliosis noted in association with marked thymic enlarge- 
ment was reported by Paltrinier: (1952) with recession of the curvature 
after x-ray therapy. He believed that the deformity occurred only with 
pressure on one side and that the curvature acted as an accommodation 
curve. Two cases of scoliosis associated with paravertebral teratoid tumor 
were reported by Lawson (1953). 

Scoliosis Incident to Spinal Cord Disease.—It has been stressed by many 
that curvatures of the spinal column may appear during the course of the 
growth of a spinal cord tumor. In a review of 2000 cases of scoliosis of all 
types Ruhlin and Albert (1941) found 7 cases with symptoms referable to 
the central nervous system. Three of these patients had rachitic scoliosis, 
3 congenital scoliosis and 1 was of doubtful origin, associated with neuro- 
fibromatosis. In no instance was cord involvement observed in paralytic or 
habitual types of scoliosis. The paralytic signs developed regardless of the 
direction of the primary curve, but all of the curves involved were in the 
cervicothoracic region and were sharply angulated. 

In comparison with these changes 1n which the nervous system damage 
was due to the scoliosis, one may cite the cases reported by Boldrey, Adams 
and Brown (1949) in which scoliosis appeared as a manifestation of disease 
of the cervicothoracic portion of the spinal cord. They reported 10 such 
cases in which scoliosis was the first or an early principal sign. Included in 
this group were cases of cystic lesions of the cord, angioma, spinal varix, 
adhesions and extramedullary tumor. They mentioned that of a total of 60 
consecutive surgically proven spinal cord lesions moderate to pronounced 
scoliosis was demonstrable in 15, with the convexity usually towards the 
side of the lesion where this was demonstrable. Williams and Stevens (1953) 
were of the opinion that any child with idiopathic scoliosis should have 
careful neurologic examination, and cited the case of an eight-year-old boy 
with gradual curvature of the spine, frequent stumbling and back pain, 
enuresis and progressive constipation in whom the plain roentgenograms 
were normal and myelograms revealed a block at the level of the tenth 
dorsal vertebra. Operation in this case disclosed an ependymoma. 

Paraplegia complicating scoliosis has been noted in occasional cases and 
has been considered as due to the unequal growth of the dura and the spinal 
column in a tight dural canal. The exciting cause for the paralysis 1s the 
inability of a tight dura to accommodate itself to such growth (Kleinberg, 
1951). Ina review of 41 cases McKenzie and Dewar (1949) noted that the 
paralysis appeared during the period of rapid growth at a time when the 
scoliosis, if not controlled by treatment, is suddenly and markedly increased. 
At operation in their cases a linear thickening of the dura was noted which 
extended across the neural canal obliquely, compressing the cord. One 
patient had a spur of bone compressing the cord. The treatment in such 
cases is surgical. Myelography is of prime importance in establishing the 
site of compression, which is usually close to the apex of the curve. Most 
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of the cases of this nature observed by the authors were idiopathic scoliosis, 
but others have been associated with rickets, poliomyelitis and neuro- 
fbromatosis of bone. 
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Ky phoscoliosis and Kyphosis.—This condition 1s characterized by angular 
or curvilinear deformity of the spine in which convexity is directed dorsally 
or dorsolaterally, and occurs most frequently in the thoracic region. A 
large variety of pathologic states may be responsible for this malformation. 
It is most commonly due to faulty posture, to generalized weakness, polio- 
myelitis, congenital deformities, neurofibromatosis and occupational dis- 
eases. Various forms of osteoporosis, arthritis, tickets, Paget’s disease, 
acromegaly, hyperparathyroidism, may be causative factors. All of these 
produce a more or less smooth curve which vary in degree from a mild 
dorsal convexity to an almost semicircular configuration. These conditions 
will be discussed under their respective causes. An angular kyphosis is 
usually incident to tuberculosis, syphilis, malignant disease, congenital 
anomalies of vertebral column or compression fractures. These too will be 
discussed under their respective headings. Rachitic an with 
spinal cord compression was reported by Ponsold (1935). Angular kyphosis 
of nontuberculous origin 1s relatively rare and according to Gulledge and 
Brav (1950) only 41 such cases have been described in the literature. 

Kyphosis and kyphoscoltosis both may be associated with paraplegia due 
to compression of the spinal cord because of the angular deformity of the 
respective vertebrz or because of protrusion of bony spurs or fibrous bands 
into the spinal canal (McKenzie and Dewar, 1949). These lesions may be 
identified by means of myelography, in which case the demonstration of 
block 1s of great diagnostic importance (Kleinberg and Kaplan, 1952). 

The development of other complications such as cor pulmonale (Samuel- 
son, 1952), atelectasis, emphysema and bronchitis (Hertzog and Manz, 
1943), and compression of the pulmonary vessels and mediastinum have been 
mentioned (Chapman, Dill and Graybiel, 1939), and (Kerwin, 1942). The 
pee of esophageal ulcers with kyphoscoliosis was reported by Haubrich 
(1953) 

Lordosis.—In this condition there 1s an exaggerated convexity of the 
lumbar spine directed anteriorly. This may be produced by weakness of 
the back muscles from any cause such as poliomyelitis or muscular dys- 
trophy, or it may result as a compensation a or a kyphotic curve. Lordosis 
may also be associated with enlargement of the abdomen such as may occur 
with obesity, pregnancy, ascites or hepatosplenomegaly. An exaggerated 
form of lumbar lordosis may sometimes be observed in achondroplastic 
dwarfs and cretins. Probably the most frequent cause of lordosis 1s simply 
poor posture. 

The radiologic changes associated with these various conditions are dis- 
cussed under their specific headings. In those cases of lordosis in which 
there 1s only the element of poor posture or relaxation of muscular support, 
no gross changes in the vertebr al bodies or their interspaces can be seen. 
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Diseases of Congenital, Endocrine or Metabolic Origin * 


CONGENITAL DISORDERS 


CHONDRO-OSTEO-DYSTROPHY (Morquio-Brailsford’s Disease) 


The nomenclature for osteochondrodystrophy is confused. Among the 
names which have been employed are familial osteochondrodystrophy, 
dyschondroplasia foetalis, chondrodysplasia, osseous dystrophy, atypical 
achondroplasia, rachitic chondrodystrophy, dysostosis multiplex, osteo- 
dystrophia fibrosa, chondrodystrophic rheostosis, congenital perversion of 
growth, and ecchondrodysplasia (Jacobsen, 1939). 

Morquio-Brailsford’s disease is a familial disease of unknown etiology 
resulting from a developmental defect in germ plasm, characterized by a 
hyperplasia of cartilaginous growth. Consanguinity may bea factor. In its 
most characteristic form osteochondrodystrophy is manifested by dwarfism, 
deformities of the bones of the trunk and extremities, including coxa vara 
deformities of the hips and genu valgum and pes planus deformities. The 
skull in the majority of cases remains unchanged, but some instances, in 
which enlargement of the cranium has been noted, have appeared in the 
recent literature (Feldman and Davenport, 1951). As a rule the intelligence 
of the afflicted person is normal and may even be above average. The 
association of mental defects with Morquio’s disease was mentioned by 
Farrell, Maloney and Yakovlev (1942). The first classic descriptions of the 
disease were those of Brailsford (1928) and Morquio (1929). However, in 
1920 Wheeldon had reported a case which he believed to be one of achondo- 
Pe in which a wedge-shaped vertebra was mentioned as a prominent 
change. 

The radiologic diagnosis of osteochondrodystrophy rarely may be made 
on roentgenograms taken during the third trimester of pregnancy. Brails- 
ford mentioned that he had observed chondro-osteodystrophy of such a 
severe degree that the fetus died in utero. All of the bones of the skeleton 
with the exception of the clavicles in this case showed evidence of defective 
development. Caffey (1950) stated that neither the clinical nor the roentgen 

icture of Morquio’s disease had been observed in fetuses or in infants. 
he disorder first becomes evident during the fourth and fifth years of life 
when difficulties in walking and deformities of the spine are noted by 
parents. In this connection it 1s interesting to note that the original case 
described by Wheeldon was first seen at the age of twenty-two months, and 
later was reported again by Pohl (1939) at the age of twenty-two years. 

The usual picture of Morquio’s disease is an infant who apparently is 
perfectly normal at birth, and develops fairly well until the age of from 
three to five years. At this time growth may cease, and dwarfism with 
malformations of the trunk and extremities becomes apparent, associated 
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with progressive weakness. The full-blown appearance is that of a markedly 
shortened and deformed individual usually of normal mentality, with a 
short neck and trunk, kyphosis and deformities of the upper and lower 
extremities with some shortening. The chest is deepened and flattened with 
a very prominent sternum. A considerable degree of muscular weakness is 
present, which gives rise to alterations in gait and stance. The joints are 
large and have a peculiar hypermotility and laxity, so that the patient 
stands with hips and knees flexed in a crouching position, with the pelvis 
tilted forward and head sunken between the shoulders. 

The vanability in the changes associated with osteochondrodystrophy 
was stressed by Brailsford, who divided such cases into four groups. The 
first was that in which the disease was evident in utero or shortly after 
birth. The second group was that in which the active phase of the condition 
appeared to cease before puberty, giving rise to a moderate generalized 
form with marked shortening of the limb bones and pressure deformities 
of the extremities and the long bones and vertebral Belie His third group 
was one with changes confined chiefly to the spine and hip joints, and less 
frequently to the knees. In the fourth group changes were confined to the 
vertebral column, with no irregularity or growth disturbances visible in 
other parts of the skeleton. 

Osteochondrodystrophy is considered a probably hereditary develop- 
mental defect in the germ plasm, characterized by hyperplasia of cartilage 
growth accompanied by osteomalacic deformities of the skeleton. Radio- 
logically this is manifested by shortening and distortion of the various bones 
of the extremities with non-union and distortion of the epiphyses and de- 
layed ossification. The joint surfaces become widened and the articular 
surfaces are irregular, flattened and eroded. The acetabular and glenoid 
fossz are shallow and irregular. The vertebral bodies rarely are involved 
in the sense that cartilaginous rests occur in their bony substance. However, 
Russo (1943) reported a case of a twenty-six-year-old dwarf seen in the 
seventh month of pregnancy in whom radiologic examination of the verte- 
bral bodies disclosed numerous areas of translucency which he considered 
to be due to islands of cartilage which had failed to calcify. 

The radiologic changes evident 1n the spine are among the important 
ones associated with osteochondrodystrophy. In its most developed form 
there is practically complete involvement of the vertebral column, the 
characteristic change being a pronounced flattening and widening of the 
respective vertebral bodies. In their anterior aspects the vertebrz present 
a peculiar tongue-like elongation of the central portion of the body. The 
superior and inferior articular surfaces of the vertebral bodies may be quite 
roughened, and anterior wedging of varying degrees is frequently observed. 
Multiple centers of ossification appear at the apophyseal rings, which later 
unite. These deformities of the vertebral bodies result in varying degrees 
of kyphosis, some of which are of an advanced nature. Occasionally the 
deformity is so great that a marked kyphosis with gibbus formation results. 
It may appear as if the vertebral bodies at the thoracolumbar junction had 
been squeezed out of line over the small vertebral body at the apex of the 
curve. These kyphotic disturbances are frequently accompanied by lateral 
curvatures of the thoracic and lumbar vertebral column. In the cervico- 
thoracic region these changes cause shortening of the neck. The interverte- 
bral discs may remain relatively normal, but sometimes are considerably 


thickened (Fairbank, 1949, Brailsford, 1952). 
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Little has been written concerning the neurologic changes caused by 
alterations in the configurations of the spinal canal incident to the archi- 
tectural variations caused by Morquio’s digcase. Donath and Vogl (1925, 
1927) indicated that the spinal cord itself was unaffected by the basic 
cartilaginous disorder which produced the vertebral changes. hes stressed 
as a matter of practical importance the fact that the consequent shortness 
of the pedicles due to the premature synostosis of the centers of ossification 
of the body with those of the lamina led to a considerable narrowing of the 
entire spinal canal, either in the anteroposterior diameter or 1n all diameters. 
The space occupied by the spinal cord, therefore, was disproportionately 
large at the expense of the subarachnoid and the epidural spaces. This 
resulted in a corresponding narrowing of the spaces, and pressure upon the 
spinal cord. It is of interest that their communication referred to a condi- 
tion designated by them as chondrodystrophic dwarfism, and possibly 
referred to achondroplasia. Nevertheless, it 1s more than likely that similar 
alterations may occur with Morquto’s disease. 

The coexistence of changes in the upper cervical spine and in the base of 
the skull in Morquio’s disease was reported by Einhorn, Moore, and 
Rowntree (1946). They described a ten-year-old boy in whom the upper 
cervical vertebra were fused, with anteroposterior compression of the 

inal cord to the level of the fourth cervical segment. The base of his 

skull showed basilar invagination. Clinically this patient had developed 
loss of control of his fingers and lower extremities, and had been completely 
bedridden. Basilar impression was also reported by Feldman and Daven- 
port (1951) and 2 of their other cases showed enlarged calvariums. 

Rarely cases of osteochondrodystrophy are reported in which the spine 1s 
normal. Two such cases were reported by Shafar (1941). 

Pelvic changes are an almost constant concomitant of chondroosteo- 
dystrophy. The iliac bones are flared outwards, and the true pelvis is 
contracted and deformed by the inward protrusion of the acetabulez. The 
hip joints are deformed. The acetabular rims are thickened and the 
femoral heads fragmented, and sometimes actually destroyed. The femoral 
necks become thickened. With advancing years the joint deformities 
become even more pronounced. In some cases dislocation of the hips takes 
place. Changes in the joints of the extremities are somewhat less frequent, 
and as a rule no gross shortening takes place. The ends of the bones may 
become quite prominent because of enlarged epiphyseal structures. The 
joint spaces are widened. Later in life the deformities of the long bones 
may become less evident. 

Osteochondrodystrophy may be confused with other bony dystrophies, 
including achondroplasia and dyschondroplasia. In typical cases the con- 
figuration of the vertebral bodies together with the changes in the extrem- 
ities, particularly their articular ends, the disturbances in ossification of the 
epiphyseal lines and the familial history (which is not of much use because 
it also obtains in achondroplasia and d ee should provide 
some lead toward the correct diagnosis. The possibility of an atypical form 
of chondro-osseous defects was stressed by Jackson (1951) who reported 
3 sibling dwarfs from a large and otherwise normal family with an unusual 
form of cartilaginous defect combined with club feet which bore some re- 
semblance to the Morauio type. To some degree his patients also resembled 
cases of achondroplasia. He was of the opinion that the various osseous 
dystrophies represented irregular forms of osteochondrodystrophy which 
do not necessarily fall into rigidly defined groups. 
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Gargoylism (dysostosis multiplex) is considered another form of osteo- 
chondrodystrophy, but is attributed to a form of lipoidosis. It character- 
istically presents itself in patients with mental deficiency, a heavy and 
ugly facies, cloudy corneas and hepatosplenomegaly. The appearance of 
the vertebral column and ribs helps to differentiate gargoylism from osteo- 
chondrodystrophy, inasmuch as the platyspondyly and tongue-like con- 
figurations are not present with gargoylism, while the narrowed rib 
necks seen with gargoylism are not observed with other conditions. It 
might be mentioned that kyphoscoliosis with tongue-like projections from 
the anterior aspects of the vertebre has been observed with the Ehlers- 
Danlos syndrome (cutis hyperelastica), but the clinical picture otherwise 
permits ready differentiation. Another rare condition in which chondro- 
dysplasia occurs is chondroectodermal dysplasia (Ellis-van Creveld syn- 
drome). In this condition the extremities are shortened, polydactyly and 
syndactyly appear, and there is hypoplasia of the nails, teeth and sometimes 
of the hair. The spine, however, is not affected. 

A rare condition sometimes misdiagnosed as Hurler’s disease or Morquio’s 
disease is Leéri’s pleonosteosis, a genetically transmitted systemic disease 
involving mainly the connective tissue system with symptoms referable to 
the cutaneous, skeletal and ophthalmologic systems. In the cases described 
by Rukvina, Falls, Holt and Block (1959) the first in the American literature 
the vertebre presented changes of considerable interest. The overgrowth 
of bone was manifested by increase in the heights of the pedicles and over- 
growth of the vertebral bodies, suggesting in some ways the changes seen 
occasionally with acromegaly. 
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DySCHONDROPLASIA (OLLIER’S DISEASE). 


Dyschondroplasia, or multiple enchondromata, is a _non-hereditary 
developmental error characterized by bilateral multiple cartilaginous 
enchondroses which represent portions of epiphyseal plates which failed to 
develop into normal bone and had become incorporated into mature bone. 
These enchondromatous deposits are seen mainly in the long bones, and 
may cause expansion and consequent gross deformities. Occasionally 
exostoses are present. With the onset of puberty growth of the enchondro- 
mas terminates and calcification within the lesions results in an irregularly 
stippled radiolucent pattern. Dyschondroplasia with multiple hemangiomas 
is designated as Maffucci’s syndrome. The disease rarely affects the verte- 
bral column, but I have noted two instances in which small radiolucencies 
were observed in the transverse processes of a lumbar vertebra. 
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HEREDITARY MuLTIPLE ExostToseEs (DIAPHYSIAL ACLASIS) 


This is a hereditary disturbance 1n the nature of a mesodermal dysplasia. 
It is progressive from infancy to adolescence, and may advance until the 
growth period terminates. The condition affects principally the growing 
ends of bones, but may manifest itself in any bone formed in cartilage. It 
may become apparent during adolescence, when rapidly progressing growth 
may be accompanied by sudden progression in the size of some of the 
exostoses, making them apparent to the patient for the first time. 

The exostoses may be unilateral or bilateral, and occur as single lesions 
or in multitudes. The distribution most of the time is asymmetric. The 
most common bones affected are the femurs and tibias, the upper portions 
of the humeri, the fibulas, the radius and ulna. Involvement of the pelvis, 
the clavicles, sternum, mandibles and ribs is less frequent. Exostoses 
projecting from the middle of the bone shafts are uncommon. Shortening 
of the growth of a long bone may produce visible deformity, such as Made- 
lung’s deformity of the forearm and wrist. 

While infrequent, vertebral involvement with multiple exostoses has 
been recognized. A case with an exostosis within the spinal canal was re- 
ported by Ochsner and Rothstein (1907). 

Involvement of the vertebrz with exostoses usually occurs in the neural 
arches. In themselves, these lesions are not of particular significance, but 
if they should be directed towards the spinal canal compression of the cord 
or nerve roots may follow. The vertebral bodies themselves are rarely 
affected. Slepian and Hamby (1951) found 19 cases in which neurologic 
complications were directly related to an encroaching osteochondral 
exostosis. Out of the 15 cases in which the sex was stated, 14 were males. 


Achondroplasia Bek Ry" a Vm 


SE he spinal cord was iuvolved® in 10: cases.” Tipe Se rorpetted 2 addie: : 
tional eases, 1 with a broad-based: osteochondroma over the fith and sixth 
. eervical verrebre, in which my elography: revealed - a -complete. block. 
~~ Lannnectomy showed the ‘canal te be narrowed in the ‘anteroposterior — | 
| —- diameter, with elevation of the dura and, displacement: ‘of the thecal sac to* 
Nabe bay abe fet bys a EPI OUs ebay pew. e 





: Pig. 7 ee Sinatl osteatiin: proiee 1s fron the: ¢ inferior dete af “ihe tip of the aight Keausverset 
pracess of the fourth saath oe: Dasinat i RST: sear, ae min aes serene multiple Ses 
“EXO OHER. CR EO ee Ne AUS ARS BRAT en og es eee oe a ae aaa Ey MAN, EIEN ry Tiare els 
| Sa Se on 3 "REPERENCHS 

: Anes Tox Chondrorysplasia e ALACArch, Surg, 40, 213: Ho. 


| niibre Ore nw, as AY ts «ys s hhoindbrrsplania Metoiy en Pets Bone & Joint Se, 30 8, i Bs 


A9,. TOR. 


Leh a Rin RU He Bo * hive chadomiade Ne ait: 32. $69: 040, 


ees Be Dioneg A, We, IR. Ruseton, 


oe e length. 





JG ant aaaute: 1: te a ‘Mevedieary. anaes. 
“Exostoses watt Ree af the Spiral 


ACHONDROPLASIA | 
“This. condition, which is associated with dwarsm, 4s alsa known 


ond Pret: ae Dpeiine Maye: res, ¥ nee a a 


micromelia and- chondrodystrophia. fetalis. Although sporadic cases’ a Se 





pear, it 8 of a hereditary and_ 


familial nature. It results from interference 


a owith endochondral ossification and failure of Hiorstial bone formations “The 
~ dwarhsm is ‘of the short limb tipe. associared with a large head ‘and: thick”. 


Sew 


protruding lips. Tn. many cases the hands present:a so-called * Hrrident’! =: 


Cs appearance, being Boos, and shore. wath diverging fngets, of: almost: equal me 


Achondroy fact i ees cornmbnest aa most -aticient Kader’ fata cate 
Ldwarfisns. Females are affected: sornewhat’ hide: Stequently~ ‘Phe. serpelti- 


“pence of these individuals is often normal and pot intr eqpucritly: above: avers 
‘ aft ie condition may: be dentin: srniseninaeally: ae Uhehy: panne 





a the. end cof the: “second: month: ac parh in] 
Death in werd or preniarure birth may occur relanvely 


bones 


an. __ Diseases of c ongenital, E ndocrine of t Metabolic Origin 








s 


A Filuve of pounal ossification of the Jone: bene becomes 

















| rresquently.. 








sear of life, 


£ 


|| achondroplastic infants die during the firs 








plates. hese: appear: broadened and. Jagged in outline, and. Present ao 


apparent j in he oo. ee 
the third “imonth of. gestation. ESR ae 
| MERDY SO 


he dwarhsm in these people ts due toustly to lack of ‘growth, af the ‘ipa BOSE 2 
The histopathologic changes. center chiefly: jabaut che. epiphyseal — OS 


“irtegular. a Pearanice. avhich: micrescapieally. Ww represented bya. haphavard 


- and trregular. arrangement “of the: chondrocytes: Noe reason 15 known: for — 


his disturbance in: ste cartilaginous partercn. of the: epiphyses. When es 
growth ceases, the epiphys seal plate may disappear oF be vinible a a, eee 





Son form for a léng time. : seen 
vile Radioligie diagnoses of iachonddroplania ¢ wn: bed are not at all fafeeciuient: BESTE 
oy i, 3 Cases 1 had. the apporcuity: “of snedying the fetuses both before and = = 

after delvery. The ourstanding observatinn is a marked thinning of the 


osseous centrum of the vertebral 





peu radies, wath a. sprapartianacel yw ide Sees ee 
space between the vertebral bodies... These radiolacent spaces ars: PURO. oe 
aunossified - cartilage. at che epiphyseal plates which: radiologically: are indie 


tinguishable frony the Mrervertebral discs, Tn addition,’ oe van -demon-— 


Faas 


= strate not infrequently small tranguebke: linear, projections. franrthe anterior ee oe 
aspect -of the ossified portions of the verrehral bodies. « The narrowness: HR Soe a ee 


tie vertebral bodies, diminished: height: and: apparently. increased: dength 
are quite’ ‘charaeterisric of this e@iniditian. “The 3 Cases: ase Lous a pel pores 
} debi peaveey of the Jower dorsal: and: lumbar ope Se ie On Re EN 





- poo 


oe tg Ce ‘ ) 
3 - ° ,© ~ © . > 
- —- ‘ ; , 
4 . , 4 
4 Z ‘- *s “ 4 } 7 
+ : »*, 4 r* av rj *, 
; 3 A \ ey ; s ’ tf ,f 
: ~~ ¢ ea { i \ ° 
=. 2 =<3 ‘ t > ‘ v4 ‘f 
: % <5 As “4 ‘ Vitjds 
. = P rs ) , ¥ ‘ p.¥ ‘ ’ 
= “< Pera , 1° ‘ . 
=: = ete ' yy : *s 
Se = => = ‘ 4 ‘* > 
pe == é ’ J? # 
5 = LY,’ ' : ’ 
Cts oie a ’ ay 
ees SS e ‘ 
= = a- => a> 


process and the budies of the frst and second cervical vertebrae. 


Achondroplasia. 173, 


Achondroplasia is afte axsociared with broudeving and shortening of. — 


the base ‘of the skull, believed due ro premaruce ossthcation and fusion of 
othe bones about the foramen imagoom. “This. 'may narrow the apmal) 


canal and thus produce a variable degree in hydrocephalus by restriction 
“pt the cireulatron: af cer ehraspinal Aus eevee Sh a ve FG LCR te pete a BAN as ey 
Tn later iife the vertebral bodies seem a reciver ther capacity lor growth. 





_ As the patient approaches matusiry rhe vertebral segments begm to assume 
oa fairly normal appearance... In several cases observed by us anomalies of” 


 UFig, 100), ‘These structures are wedged between the iliac bones and are 


“markedly saccahzed. In addirion the parent shown here presented evi- 


deter of basilar invagination, with dimuution in rhe size ot rhe odoncaid 


‘ Fg. x NF 


Changes in che aligatnene of the vertebral bodies are frequent, and. an” 


exaggerated lordosis.1s ong of the more common changes, However the 


“a WS edd tate he a ‘ : > ee 3° eee rey Pe Oe a MS a he a a ae ne ee ee a 





BIAS) sky Phitdgra ph otstilborn ferale tetris wath achonidroisias. B; Sasid case. “Ninteree) 
posteniorroenivenouram: Nore the short limbs aue-sinai lk pehodvmnd shoulder airdiedevelepnisnt,. | 


and vhedarte head. “The spmersstrawht. Cy Sanie causes: Photagraph of mint in lateral pasitiers 2: 


oo yanchen. The: vertebral bodies are small.and the intervertebral discs are matked}y-erdarged 
" Detibient ossiticution of the pedicles and lanaiaais present, 


DY Same cose. Lateral roentyenogtam. A dorsal curvature is present: at the thorayolimobar °° 





174 ‘Diseases of Congenital, Fadocrine 0 or. Metabolic C rigin 


Hades in, many éases may Bes more apparent chan real: bane die to prin 


- nerice of the buttocks. Kyphosis of the dorsal epine bas been observed 


fairly. frequency. The spinal: canal ia achondroplastic dwarfs is: narrowed. — 
|e ushally is of pusr sufhcrenr danieter to. acconimodare the spinal t-eard, to 
the virtual exclusion of the subarachucid: and epidural s vaces, The develop- : 





ment of ‘% dorsalumbar ‘Ayphosis or ‘these. tolividuals may therefore beso 
associated” with -peormimrent Tievrologic SyINpEpAS, particalarly. af thete osc: 





‘should appear osteaphytes which: protnide ita the’ furen of he: apinals 00 8 
» canal. in. sachs Panes: decompressive {ymmitertemy Tay: he ea ares Res wre! 
pends. reel oak . psa : 


Pie 9 : Gay “! ‘Antenspeisterion eed tlds ant “et Rechurs infant ah ae ossirapliein Note ths 





" yidenat ‘nters: ‘ervebral spaces add the: poor. development. Othe: certebrts :B Same: case as. Ay 


> Tateral sew THe: apne presents: a thoracohinibsr dorsid: curvature. avith Sino), vertebral badiee 
_.. and markedly enlarged WEY: eriebral: AiSes.. Note the tongue: ae ES at the: atiterior : ek 
a SE oF the Tonber, Mertelingy: Ree Depots Seek jor y iesice 94 i ada dk. ae Se ees ees ee a 









ee he devlopnene 4 Ae a  erashanhat: Eyes may: sometimes: s process 
os ee a gibbus is formed... Tt ig these individuals who are pacticulatly’ ‘pres: 


disposed towards. neutologic complications. © Vogl and Osborne. (1949) lye SP: ae 


omested that in: achondroplastic infants or thepedic yeasures hevinsvtated — 


before the child assumes the. upright. posbion ¢ te Sa paresis: tor a dorso~ Se: oe 





_ fumbar kyphosis before a gibbus farms. 


“Schreiber and Rosenthal ( (982) ‘qepared 2 a ae: swith, pa - sc 4 Nalipgs © a 


ee of the legs and pain caused. by herotated: lumbar dises ur achondroplastic 


dwarfs. They were operated tipon with satisfactory vesules: These anthors. S = 
_ believed thar whereas same achondroplastic dwarfs formed gibhi because of Be ee 
WEGHSE 8 of the cops vertebral bate eae a hase: a pres: eS 








Pig. on. Caidrets a C. Another newborn ‘inbind saith achondroplasta nh fk Wien Bae The 
Vertebral bodies.are Jarger than in the patient reptesented in 4 and As Phe: “intervertebral: spaces. 
are wide. 22° Samir pit trent ae: e The palvisy ars, and femurs show v the: characteristic CSS0 08 Aad 
sen TIBEREES sat ) stele | ! z 





BiG ihe, Ff Lower timber: spare! in ddnlt se eshepinsiaatts dwart, The sti juiobae ‘Satebied:” 
is. sunked. Webern the iae bones. The vertebree, are heavy, the. pedicles: sire thick and “Wises: 
toyet hers and: the: yeurah ace ‘ies are alse heavy, oT bres. inkeniir: artioutar farets. Likewise: are: Klpse. é 
taget her, By. ‘The patient” Sufamiume ds large, iit the’ basse: ‘ay the skull-is shortened i in fhe tis aes 
: of ‘the: cranicety veal shear hiegy, ‘Moderate basilar vtahasienauad is Present: Sewn te hy aot8 


TN Wied 5 "ea s : fA Ni : : . 3 ; if: 178) 





bey. 


476) Diseases of Congenital, Endocrine or Metabolic Ongin 





Fic. 1t.—A, Oblique’ cervical roentgenograny. of adit achondraplastic dwurh, Note whe age 


elongation and marked narrowing of the intervertebral jaraming.. B, oaitte patiens,. Bemionst rating 


similar malformation ‘of the luwibar intervertebral foramina, C, Because of intense tadievlan: Pater oe 


symptoms: due to canda equina pnessurw, myelography was done. Note the: wed Bing: ofthe Tlth — a 


lumbar vertebra between vhevliae bones: Tratsverse defects are present 3t- Bah. discal: Jevelo oS 


By ‘Lateral myelogrant reveals a. thin. pantopague: vcalumastue to- tTATTO WIE of the spinal canal. 
‘the. halging, rises ‘together with the heavy “aeeral” atches, fiypertpophied ligumenta: flava’ ‘and. 


-hnatrowing ‘af the spinal canal, produced ‘severe validy. paste presture.:. Sele, bt eymptoms fol- 


: Jomes, seuiols. lamineotomies, : ( aurteey s ot Peet desepb x. pee ye 


a ee ee > i eal a - = . « — ees ~~ = -T Ss" = > see 
a Pg TE . : a= te 5 “~ a = —- ee 


SN all, ae CADARS even a ‘math Linteustén Saute: a complete block. 


_Achond roplasia es 1TY-3) 


position: to herniated: idises, sprsbable: attributable to. the inherent: weakness: : 

‘of the spinal column. “Myelograp : 

eo caniplere block arthe interspace herwean che sevond and third: jumbar 4 inter-— 
¥e eee an both. cases. They noted ar operation. thar the spinal canal of both me 





Ne exammation m their patients: showed | 


ese people were. arrowed anid shallawec than. normal, Neither of the twa 


had. changes mn alignment of the vertebral: SEQMIETIES, N nar were there anv: BV 
| detvces ab costeophytes: encountered: at sperarion. Previously: Albrecht and 


Rapier (2926): had. reported a casé of ‘COMpressive. myelicis in an. achondro~ 
plastic, dwarf 10. “whan ches syroptoms- WETE teheved. SBY: Jaminecromy. EUS, 
| Freund: (1983) bad, also: eeparted ¢ an nthe o oceur rence, ad ppaanle perepltete. MY 





, PKK: fie," ‘YO: fs ied Adatt rule achondrop!: A8UC ‘dwert with} intense: radical ab pain. cP i intevaytitipad os 


feraties ie see an fhe: laterad filer are ongated, and narrowed: | The pedicles. and ‘iahinas are ~ a 
‘sy hen ye S he: vertebral bodies: are flatrenedt. AB, Mvyelogrami shows: a xomplefe. blowk: at We ihird. See 


; Tange Iqtepspraye: eh? relatively anal hermated - ‘diser was fount “at oper aMOnL.| ‘The sana, was 3 i? 


eee fy PEST Ha 
y : 


arhbndsoalaala Aue i: the projection | ints ihe spinal Sana ag oxteaphytic ; 


overgrowth encroaching upon the narrowed spinal canal, Spillane LOR Z 
reported 3 cases with deurologic compbeations. - ‘Two. had severe eauda 
o eqiina compr ession dbe ro multiple Wigssive firervertebral dise | protitisions, mes 


: Re t had a: spasnc: Terraplegia: duc om subluxation. of the second - Om the Le: 
third cervical vertebra. Sah mA ae 


- Recencly 2 adult patients. swach nite achaudsoutests Biases tad ae 

| wath neurologic ‘deficirs and: back ‘pain indicative of spinal cord anil ¢auda - 
-equina pressure, One had a protraded nucleus | niiposits: completely. Bork- 

M Ing: the spinal canal: it the second ani shird fanih an Miterspace. th Phe ather, Te} 





(Big 101), had: maleate levels of compression, front the tenth: dorsal ee y 


Kee lumbar interspace due to’ dorsal buleme oat he: intervertebral: fibro 


cartilages, cimpressing the cord and cauda equina againsr the: neural SNE, oe | 


“Boe PRDENG: eponined well to 2 surEical peliet “f frie see scesiouites: 


ye 
‘y 





178 Diseases of Congenital, Endocrine or Metabolic Origin 


REFERENCES 


CaFFEY, J.: Achondroplasia of Pelvis and Lumbosacral Spine. Am. J. Roentgenol., 80, 449, 1958. 

EpsTEIN, J. A. and Matis, L. I.: Compression of Spinal Cord and Cauda Equina in Achondro- 
plastic Dwarfs, Neurology, 5, 875, 1955. 

FAIRBANK, H. A. T.: Achondroplasia, J. Bone & Joint Surg., 31-B, 600, 1949. 

SCHREIBER, F. and ROSENTHAL, H.: Paraplegia from Ruptured Lumbar Discs in Achondroplastic 
Dwarfs, J. Neurosurg., 9, 648, 1952. 

SPILLANE, J. D.: Achondroplasia, J. Neurol., Neurosurg. & Psychiat., 15, 246, 1952. 


OSTEOGENESIS IMPERFECTA 


Osteogenesis imperfecta is a fairly common hereditary disturbance of 
normal mesenchymal development which produces a marked alteration in 
the skeletal structure characterized by softening and brittleness in varying 
proportions. 

Other names which have been applied to this condition are idiopathic 
fragilitas ossium, osteopsathyrosis, brittle bones with blue sclerz, osteo- 
sclerosis, osteitis parenchymatosa chronica, dystrophia periostalsis, periosteal 
aplasia and periosteal dysplasia. Brailsford suggested that all these terms 
be dropped, and the term osteogenesis imperfecta be extended to include 
fetal, infantile, adolescent and adult types (1943). Chont had also sug- 
gested in 1941 a revision of nomenclature to include two forms of the 
disease: osteoporosis imperfecta congenita, all cases of which either die 
in utero or are born with the disease, constituting thereby a fetal and 
infantile variety. The second major classification would be osteogenesis 
imperfecta caida occurring in infants apparently normal at birth and in 
whom the disease occurs early in life, usually in the second year. This 
group could be subdivided into a hereditary group with blue sclere and 
non-hereditary group which may or may not have blue sclere. Caniggia, 
Stuart and Guideri (1958) regard as valid the unitary concept of fetal and 
adult forms of osteogenesis imperfecta in the genetic, pathogenetic and 
histopathological domains. They recommend that the term fragilitas 
ossium hereditaria, T'ypus Vrolick, or osteogenesis imperfecta Vrolick type, 
or briefly Vrolick’s disease be used to indicate the congenital fetal form of 
the disease. The adult type can be referred to as osteogenesis imperfecta 
Ekman-Lobstein type, or Ekman-Lobstein disease. 

Fairbank (1948) in a report of 12 cases of osteogenesis imperfecta men- 
tioned 3 types, the first being the thick bone type with severe bony changes 
particularly in the ribs, together with ranted limbs such as may be seen 
with achondroplasia. The second type presented slender fragile bones 
with osteoporosis of the entire skeleton. In this type the vertebral bodies 
may be translucent, shallow, spread and biconcave with biconvex inter- 
vertebral discs. A third type, which he mentioned as very rare, presents 
pronounced honeycombing of the bones of a progressive nature. He 
termed this osteogenesis imperfecta cystica. Rosenbaum (1944) questioned 
whether there was any difference in the type of osteogenesis imperfecta in 
which intra-uterine fractures occurred or in which only post-natal fractures 
occurred. He reported cases of the 2 types in the same family, tending to 
disprove the duality of the syndromes. Thee does not appear to be sufh- 
cient evidence to warrant the division of this disease into 2 specific cate- 
gories. The evidence appears to point towards the existence of several 
forms of the same disease, some of which become manifest during intra- 
uterine life; others of which appear to be milder in the extent of osseous 
change. The prognosis for those individuals in whom the disease is manifest 
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joints may be demonstrated, due to relaxation of the articular capsules and 
restraining ligaments together with poor muscular development. The 
presence of blue sclerz is considered requisite for the hereditary type of the 
disease, but this may not always be present. Deafness is a fairly frequent 
accompaniment, and 1s attributed to ankylosis of the ossicles, or in more 
advanced cases, to actual involvement of the bones of the middle ear. 

The pathologic changes associated with osteogenesis imperfecta are im- 
perfect formation and calcification of the bony trabeculz. Islands of 
cartilage are seen, especially beneath the periosteum, in which imperfectly 
calcified osteoid trabecule are present, which replace normal bone. The 
periosteum may be thickened, beneath which the bone is discontinous and 
fragmentary. The medullary. content 1s in part fibroid, lymphoid or fatty. 
Studies by Fairbank (1948) indicated that there may be a great variation 
in the development of the osteoblasts. He pointed out that while a defi- 
ciency in the number of osteoblasts had been stressed, his studies showed 
that the number may be quite numerous although the formation of bone 
was deficient. Knaggs (1926) had mentioned before that a deficiency in 
osteoblasts was common, and that formation of cartilage cells from the 
periosteum instead of the osteoblast is the most characteristic pathologic 
change. 

Prepartum diagnosis of osteogenesis imperfecta occasionally can be made 
from abdominal roentgenograms. The limbs of the fetus present a slender 
appearance, and fractures sometimes can be identified. In others the 
wrinkled appearance of the bones, particularly of the ribs, 1s quite diagnostic. 

Roentgenologic examination of the extremities in cases with intra- 
uterine or fetal osteogenesis imperfecta may reveal a marked crinkled ap- 
pearance of the long bones. These are short and relatively stumpy, with 
practically no distinguishing markings between the cortex and medullary 
canal. Some subperiosteal thickening may be present, giving rise to 
irregular, rather scalloped peripheries of the tubular bones. These may 
also show numerous radiopaque bands due to the bending over of the 
softened bone. Deformities often are marked, some of the bones presenting 
almost right angle configurations in the middle of their shafts, others ap- 
pearing to be collapsed upon themselves in an irregular accordion-like 
fashion. The ribs may be markedly involved and the thoracic cavity greatly 
compressed because of the marked softening and irregularities of the ribs. 
It is interesting to note that this change is most marked in the portion of 
the thoracic cage occupied by the lungs. The infradiaphragmatic ribs 
usually are kept more or less in position by the underlying liver, spleen 
and other abdominal viscera. Other cases of osteogenesis imperfecta of 
the intra-uterine and fetal type present changes which are much less 
marked. In such instances the fracture lines are sharply visible and there 
may be considerable displacement of the bony fragments. Angular de- 
formities of the long bones, particularly the femurs and legs, are frequent. 
The degree of deformity of the ribs may be less marked, and rather than 
presenting an irregular crenated type of bony deformity the ribs may be 
thin and slender. As maturity is reached the disease may take one of two 
roads. In some individuals the development of bone slowly proceeds in a 
more or less normal fashion so that by the time adolescence is reached and 
growth stops, the bony structures are deformed, thin, but still capable of 
carrying the weight of the child. In such instances further growth is 
accompanied by less and less deformity, and these individuals may reach 
maturity and be symptomless. It is even possible for some of these patients 
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to be afflicted with osteogenesis imperfecta and go through life without the 
diagnosis being definitely established, inasmuch as symptoms are so few as 
to make medical attention unnecessary in the early stages of life when the 
disease might have been more easily recognized. Other individuals may 
show marked deficiency in development of bone, and rather than go on to 
healing the bones may present a tubular appearance. The cortex and 
medullary canals are relatively well differentiated but the bones are very 
soft and deformities and fractures occur frequently. 

The appearance of the vertebral column in patients afflicted with osteo- 
genesis imperfecta is variable. Spinal curvatures are frequent. The verte- 
brz become softened, with resultant compression and widening of the bodies 
and ballooning of the intervertebral discs. In the more advanced cases 
compressive action on the spine produces pronounced flattening of the 
vertebrz which assume the appearance of a biconvex flat lens. It has been 
noted that occasionally the vertebral bodies at the lower lumbar levels are 
somewhat increased in height in patients who have the greatest extent of 
spinal compressive change. The vertebre are demineralized, the compact 
bone being considerably thinned and the cancellous bone reduced i in volume 
so that the trabecular spaces are widened. The remaining trabecula, 
however, are quite well calcified. 

Observations in a case of intra-uterine osteogenesis imperfecta were made 
by post-mortem roentgenograms of the skeleton immediately after the 
delivery of the stillborn fetus, and in these the vertebral column was of 
particular interest (Fig. 103). The alignment of the vertebral bodies was 
about normal for the fetus at term, insofar as the cervical and thoracic 

ine was concerned. The lumbosacral curve was slightly more developed 
a one might have anticipated. In the anteroposterior view, the verte- 
bral column was quite straight. In the cervical spine the middle cervical 
segments presented a definite anterior wedging of the vertebral bodies 
while the posterior aspect of these vertebral bodies maintained their height 
quite well. The dorsal spine showed a definite decrease in the height of the 
vertebral bodies together with a proportionate increase in the width of the 
intervertebral spaces. The superior and inferior aspects of the respective 
vertebral bodies were quite straight and parallel to each other. The thoraco- 
lumbar junction was of interest in that there was a rather abrupt wedging 
of the anterior aspect of the bodies of the eleventh and twelfth dorsal 
vertebra, and to a lesser degree of the anterior aspect of the body of the 
first lumbar vertebra. The other lumbar vertebre were rather small but 
otherwise well formed. The anterior and posterior venous channels enter- 
ing the vertebral bodies were conspicuous by their absence in all of the 
vertebre. The neural arches presented the same type of crinkled appearance 
as was noted in the markedly altered long bones. However, the inter- 
pedicular spaces were not visibly disturbed and the pedicles presented a 
firm bony appearance. 

Another case of osteogenesis imperfecta in a newborn infant presented a 
considerably different appearance of the vertebral bodies. In this patient 
the bony structures did not show the accordion-pleated wrinkling noted in 
the previous case. The medullary canals were fairly well identified and 
the fracture lines in the arms and legs were relatively sharply demarcated. 
In this patient a definite narrowing of the bodies of the dorsal vertebrz 
was noted. The intervertebral spaces were markedly increased in height. 
In this patient the vertebral column was well aligned in the anteroposterior 
view, while in the lateral view a slight but fairly definite tendency towards 
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OsTEOPETROSIS 


Osteopetrosis is also known as Albers-Schonberg’s disease, marble bones, 
osteosclerosis fragilis generalisata and osteopetrosis generalisata. The 
disease is of familial nature and has been encounted in all decades of life 
from intra-uterine life to the eighth decade. The cause for the condition 
is unknown. It affects both sexes equally, and its severity may vary marked- 
ly from patient to patient. In some, particularly those with the disease 
in utero or during the first year of life, the progression is rapid, with complete 
involvement of the entire skeletal system, anemia, optic atrophy retarded 
growth and fatal outcome within a relatively short time. Other cases 
present a more attenuated form and the diagnosis may be established 
in the course of roentgenologic examinations made for other purposes. The 
disease 1s characterized to some degree by activity and remissions, or there 
may be complete cessation of the developmental error. Schulte (1951) 
divided Albers-Schonberg disease into three groups, including a malignant 
form of osteosclerosis in children with brittle bones and anemia, a benign 
form without anemia but bone sclerosis and weakness, and osteosclerosis 
with neither fractures nor anemia. 

The anemia associated with osteopetrosis is ascribed to myelophthisis 
caused by encroachment on the marrow cavity. Metaplasia of extra- 
medullary hematopoietic centers accounts for enlargement of the liver, 
spleen and lymph nodes. With extensive skull involvement constriction of 
the foramina such as the optic foramina and the auditory canals produces 
symptoms referable to the various cranial nerves affected. However, it 1s 
remarkable that even when the skull is extensively altered relatively few 
cranial nerve deficiencies are noted in some patients. In spite of the 
apparent hardness of the bones, spontaneous fractures are not uncommon, 
and cases sometimes are first observed as a result of fractures produced by 
slight trauma. 

Vertebre affected with osteopetrosis are described as marble gray on 
section. The bodies are either uniformly dense or present as two heavy 
sclerotic bands on the upper and lower aspects of the bodies with a lucent 
zone between. The channels for the anterior and posterior veins may be 
exaggerated. The bony architecture is either irregular or distorted. Osteo- 
blasts are normal or increased while osteoclasts are decreased or absent. 
According to current concepts osteopetrosis cannot be explained purely on 
the basis of diminished osteoclastic activity. Enticknap (1954) observed 
that both osteoblastic and osteoclastic activity in his patient with osteo- 
petrosis were undiminished. Engfeldt and his coworkers (1954) demon- 
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overexposed films of the long bones varying areas of radiolucency of a thin 
linear nature immediately beneath the periosteum may be outlined, giving 
the appearance of “bone within bone.” These correspond to areas of 
fibro-osseous metaplasia. 
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Fiprous Dyprasia (Fibrocystic Disease of Bone) 


Although brought into prominence by the report of Albright, Butler, 
Hampton and Smith (1937) as a syndrome characterized by osteitis fibrosa 
disseminata, areas of pigmentation and endocrine dysfunction with preco- 
cious puberty in females, this condition has been recognized as a separate 
entity for a considerably longer time. Albright and Reifenstein (1948) 
mentioned that in a review of von Recklinghausen’s original monograph 
(1891) a number of conditions which certainly were not hyperparathyroidism 
were encountered. They believed that 2 out of the 3 famous cases in the 
monograph which had been considered examples of hyperparathyroidism 
apparently reflected the syndrome described by Albright and his co-workers. 
Albright commented that “‘as far as the bone manifestations of the syn- 
drome are concerned, von Recklinghausen preceded the author and his 
colleagues by forty-two years.” Albright and Reifenstein agreed with 
Jaffe and Lichtenstein that the term best applicable to this condition is 
simply fibrous dysplasia, omitting the word polyostotic in order to include 
cases confined to one bony lesion. 

In its completely developed form, fibrous dysplasia affects multiple bones 
which have a marked tendency to be unilateral in their distribution, al- 
though both sides of the body may be affected. The patient presents 
brown, unelevated pigmented areas of the skin which are usually on the 
same side of the body as the bony lesion. This is accompanied in females 
with an endocrine dysfunction characterized by precocious puberty. The 
most common grouping of bone involvement 1s one leg associated with 
lesions in the pelvis and skull together with scattered lesions in the meta- 
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tarsal and phalangeal bones. The femurs and humeri also frequently are 
affected as well as the small bones of the hand. As a rule the proximal 
portions are more affected. The pelvis, tarsal and carpal bones, the ster- 
num and mandible are affected less frequently and the vertebrz are seldom 
involved. The affected bones present considerable widening of the medullary 
canal with thinned cortices. The medullary canal may be attacked by 
a thick white rubbery fibrous tissue which contains zones of scattered 
hyalin cartilage. The normal bony architecture of both the cortex and 
the medulla becomes disrupted by a dense fibrous tissue reaction with 
many fusiform spindle cells containing pale staining nuclei and a vague 
cystoplasmic outline. The fibrous tissue may contain small trabeculz of 
primitive metaplastic bone. Occasional small cysts containing amber fluid 
may be present. The transition from pathologic to normal bone is often 
abrupt. The abnormal tissue has a gritty character due to the presence of 
the spicules of primitive bone (Fairbank, 1950; Russel and Chandler, 1950). 
Laboratory findings are usually of little help. The blood calcium and 
phosphorus usually are within normal limits. The phosphatase value 
varies considerably, and in some cases 1s increased. No single study, be it 
clinical, radiologic, operative or pathologic can sharply differentiate fibrous 
dysplasia from bone cysts or giant cell tumors. 

The onset of this condition is usually insidious. First indications may 
be brought about by a fracture following a slight trauma or by a fairly 
rapidly appearing deformity of an extremity secondary to a local enlarge- 
ment of the bone. A considerable asymmetry of the face or body also ap- 
pears later in the disease. Pain and stiffness are less common initial symp- 
toms. The skull changes of fibrous dysplasia may progress to the point 
where the disease assumes the proportions of leontiasis ossia with gross 
deformity of the face. 

Fibrous dysplasia is regarded by Lichtenstein and Jaffe (1942) as a con- 
genital developmental anomaly. Schlumberger (1946) was of the opinion 
that this was a true dystrophy in which the tendency of the mesenchyme 
to normal ossification 1s blocked or prevented by a fundamental local dis- 
turbance yet to be demonstrated. Albright and Reifenstein held that 
there probably is an endocrine disturbance related to a neurologic or em- 
bryologic defect disturbing the afferent impulses to the anterior lobe of the 
pituitary gland. Neller (1941) believed that polyostotic fibrous dysplasia 
was due to multiple embryonic defects, stating that the simultaneous in- 
volvement of many different regions was evidence against a defect in a 
single system. The coexistence of other congenital defects with fibrous 
dysplasia has been reported by Stauffer, Arbuckle and Aegerter (1941) and 
by Coleman (1939). It would appear that up to the present time no one 
theory has accounted for the multiple manifestations of fibrous dysplasia 
of bone as associated with cutaneous and endocrine disturbances. 

The radiologic changes in the long bones reflects the widening of the 
medullary canals and thinning of the cortex. Single or multilocular cysts 
occur together with various deformities incident to fractures and bending, 
changes induced by the softening of the bone. In some instances a char- 
acteristic ground glass appearance of the medullary cavity is observed, a 
change apparent more often in younger patients. In older people the cystic 
changes may become more pronounced, grotesquely deforming the bones 
and producing multiloculated cystic areas. Changes in the skull may simu- 
late those of Paget’s disease, and sometimes the two conditions are mis- 
diagnosed one for the other. This situation can be avoided by due attention 
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Other single instances were recorded by Warrick (1949) and by Schlum- 
berger (1946). 

I have had the opportunity of following a young man with this condition 
from the ages of 18 to 24 years. In addition to the classical changes in his 
extremities and the skin pigmentation, he had extensive involvement of 
his entire spine which remained relatively constant in appearance. The 
changes consisted mainly of a thinning of cortical bone, loss of trabecular 
markings and somewhat widened intervertebral discs. The cervical verte- 
bral bodies were somewhat increased in density, with slight narrowing of 
their anterior aspects. A slight forward shift of the fifth on the sixth cervical 
vertebra was present, probably due to the increased lordotic cervical curve. 
The bodies of the thoracic and lumbar vertebrz had diminished density, and 
there were numerous vertical striations traversing the medullary spaces. 
The superior and inferior surfaces presented a biconcave appearance. The 
neural arches were somewhat demineralized but not deformed. In this 
patient the fifth lumbar vertebra was sacralized, sinking deeply into the 
superior surface of the sacrum. The transverse processes of the fourth 
lumbar vertebra were lower than the iliac crests and were directed upwards. 
This was probably due to progressive softening of the bone and the strains 
of standing and walking. At no time did this patient complain of spinal 
pain, nor was there any indication of central nervous system irritation. 
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ARTHROGRYPOSIS MULTIPLEX CONGENITA 


This term is used to designate multiple contractures of the joints, the 
term literally meaning crooked or bent joints. Other names by which this 
condition has been designated include amyoplasia congenita, congenital 
multiple or rigid joints, and arthromyodysplastic syndrome. The disease 
is of a hereditary familial nature and the characteristic changes are identified 
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in newborn infants. We have had 2 instances in which the diagnosis was 
suggested on roentgenograms made before delivery in women with mild 
hydramnios by the peculiar stick-like extension of the legs on the femurs. 
Mild forms of the disease are consistent with longer, normal life. 

The changes in the joints are primarily of a non-articular nature. The 
primary pathology in this condition is an atrophy and fatty replacement of 
the involved muscles with thickening of the periarticular structures and 
multiple contractures. An abnormality in anterior hom cells in the spinal 
cord and a denervation atrophy of muscle has been reported. The affected 
extremities assume an appearance which has been referred to as resembling a 
“stuffed sausage.” As a rule, the involvement is symmetric, involving both 
the upper and lower extremities. Associated deformities such as myelo- 
menenigocele hypoplasia of the jaw, congenital malformations of the hands 
and feet, disturbances of pigmentation of the skin and hair, congenital 
deafness have been reported. 

The bony structures of the extremities characteristically present an 
elongated thinned-out appearance with adequate markings differentiating 
the medullary canal from the cortex. In 2 of our cases pathologic fractures 
occurred in the shafts of the bone, in 1 a concomitant of delivery. In 
another case, the femurs showed evidences of fractures 1m utero with healing, 
while the bones of the legs presented a slender appearance with a consider- 
able degree of bowing secondary to softening of the bones. Bilateral club- 
feet was observed in 3 of the 4 patients, together with congenital strictures 
of the wrist joints in 2 of these. 

Involvement of the spine was considered as a secondary manifestation 
of the changes in the a acent soft tissues. In a report of eighteen cases, 
Katzeff (1943) mentioned that in 4 cases the spine was affected. In the 
4 cases observed by us, a lateral curvature of the spine was observed in 
3 cases, of which 2 were newborns and 1 was a child one year and seven 
months of age. In another adult patient who presented all of the classical 
stigmata of arthrogryposis, including bilateral clubfeet and bilateral club- 
hands, together with an old congenital dislocation of one hip, the bony 
structures of the respective vertebre were intact but again a curvature of 
the spine convex to one side was demonstrable. As mentioned by others, 
the changes in the alignment of the vertebral column represents in all 
pay a change in muscle pull rather than any disturbance of the 

one itself. 
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OsTEOPOIKILOSIS 


This condition is also known as osteopathia condensans disseminata, 
osteopoecilia, osteitis condensans disseminata, and spotted bones. It is 
a hereditary disease of mesenchymal disturbance and is an affliction char- 
acterized by the presence of multiple small round or ovoid foci of increased 
density scattered throughout the skeletal system, affecting chiefly the long 
bones and the pelvis. Involvement of the skull is quite rare. These small 
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OsTEOPATHIA STRIATA 


This is an unusual affliction characterized by striation of the skeleton, 
particularly the metaphyses of the long bones. It is a disease of unknown 
origin and probably congenital in nature. It has been suggested that 
osteopathia striata is related to osteopoikilosis (Hurt, 1953) and dyschondro- 

lasia (Voorhoeve, 1924), the three disorders being variants of the same 
undamental error. However, Fairbank (1950) hesitated to accept this 
view. There are no definite symptoms referable to this dysplasia of bone, 
except that the patients sometimes complain of vague aches and pains. 
The outstanding radiologic change includes vertical striations in all of the 
bones except the skull and clavicles. The striation as a rule affects the 
shafts of the long bones, appearing as dense lines parallel to the long axis. 
The thickness of the striations may vary considerably and the bone in be- 
tween various clusters of striated change may even be osteoporotic. The 
striation may or may not extend to adjacent epiphyses. The epiphyses 
are sometimes mottled with dense and clear spots. ‘The spine is involved 
infrequently. In 1 of the cases reported by Fairbank, coarse vertical 
striations were present in the vertebral bodies. 
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STIPPLED EpipHyses (Punctate epiphyseal dysplasia; chondroangiopathia 
calcarea seu punctata; chondrodystrophia calcificans congenita; chon- 
drodystrophia punctata; chondrodystrophia calcarea congenita (Con- 
radi’s Disease). 


This condition is a rare disorder of infancy of unknown origin, and may 
be familial. It occurs in about 1 in 500,000 births, and is perhaps more 
frequent in premature infants. The prognosis is poor, few surviving beyond 
two years. Nevertheless, instances have been recorded in which the patients 
eached adolescence or somewhat beyond this age. In some, no definite 
symptoms are observed, but more often associated changes such as shortened 
extremities, dry scaly skin, contractures of joints in flexion, syndac- 
tylism, congenital cataracts, microcephaly, oxycephaly, mental re- 
tardation, cleft palate or congenital cardiac defects have been present. 
Haymes and Wangner (1951) reported stippled epiphyses in an achondro- 
plastic dwarf. 

The disease is systemic, involving the cartilaginous portions of the epi- 
physes. The disturbances of calcification simulate those of chondrodys- 
trophia fetalis, representing a congenital enchondral disturbance of ossifica- 
tion. As a result the long bones are shortened, with thick bowed shafts and 
wide irregular metaphyseal ends. The signs common to the disease include 
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micromelia, rhizomelia, cataracts and stippled epiphyses. The nasal 
bridge is flat, but the skull itself is not affected. 

The characteristic lesion is stippling of the various epiphyses, as if they 
were ossifying from multiple centers. The spots vary considerably in size 
and number. Anatomically there is disturbance of vascularization with 
spotty, mucoid degeneration of the epiphyses, as a result of which the hyalin 
cartilage becomes fragmented. Each fragment in turn may serve as a site 
for the formation of additional cartilage which ossifies and becomes con- 
nected by intervening cartilaginous bands. When the infant survives the 
formation of bone from cartilage slowly returns to normal and the islands 
of stippled density disappear. Bones which apparently were unaffected 
later in life may show malformations like those of chondrodystrophy. 
Licht and Jesiotr (1957) reported an atypical relatively symptomless mani- 
festation of the disease in a 24-year-old man in whom the vertebrz were 
flattened and contained numerous areas of increased density due to spotty 
calcific deposits located principally in the anterior aspects of the bodies 
arranged in two symmetric lines opposite the pedicles. 

The vertebre participate in this generalized affection of enchondral 
calcification. As a result, stippling of the bodies appears, which follows 
the same tendency to vanish if the child survives. In some instances an 
atypical form of ossification of the vertebral bodies has been described, 
consisting of a coronal cleft of chondroid tissue on either side of which 1s 
stippling and disturbed ossification. Instances in which the vertebral bodies 
were deformed because of structural weakness also are known, occurring 
principally in youngsters who had survived well beyond one year. With 
extensive involvement this has been observed in infancy as well. The 
changes bear some resemblance to those of Scheuermann’s disease. Dis- 
turbances in the ossification of the cervical vertebrz occasionally are fol- 
lowed by changes in the usual lordotic curve. Persistence of stippling into 
adolescence also occurs. 

The coronal cleft type of deformity is attributed to the persistence of 
an anterior and posterior ossification center which failed to unite, presum- 
ably because of enchondral disturbance. Calcific flecks in the intervertebral 
discs result from occasional deposits of ossifying tissue in these structures 
during the period of growth. With survival, there is the same tendency to 
resumption of a normal growth pattern. 
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Dysplasia EPpiIpHYSIALIS MULTIPLEX. 


This is a rare, possibly familial developmental error of unknown origin, 
occurring approximately equally in either sex. It involves several or many 
epiphyses, principally those of the hips, shoulders, ankles and less often the 
hands and feet. As a rule the condition becomes evident clinically when 
difhculty in walking, pain and stiffness of the joints of the extremities 
brings ihe patient to his physician. Examination discloses that some patients 
have shortening of the limbs, shortened thick fingers and hands and other 
joint deformities as well. Usually the spine is normal, but in Jansen’s case 
the epiphyseal disturbance also involved the growth centers of the vertebra. 
Wedging and irregularities of the surfaces of the vertebra in the thoracic 
region have been observed. 

The radiologic changes are most evident in the growing epiphyses, where 
flattening, irregularity of ossification and distortion of the bone ends are 
most evident. When growth ceases the bones ossify in a more normal pat- 
tern, but deformities produced during growth remain even though the bones 
resume an approximately normal density. Arthritic changes are frequent 
in later life, particularly in the weight bearing joints. 
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PROGRESSIVE DIAPHYSEAL DyspPLASIA 


The disease, also known as Engelmann’s disease and osteopathia hyper- 
ostotica (sclerotisans) multiplex infantalis is characterized by a progressive 
symmetrical thickening of the shafts of the long bones, associated with re- 
tarded growth and weakness. Particularly affected are the humeral and 
the femoral shafts and the bones of the forearms and legs. The vault and 
the base of the skull may show a diffuse thickening which sometimes 
reaches considerable proportions. Involvement of the vertebral column 
in this condition is rare, but thickening of the bones in the vicinity of the 
sacroiliac joint has been mentioned. A case with involvement of the verte- 
bral bodies as well as the long bones, the skull, ribs, and scapulas is men- 
tioned by Cocchi in an infant with a markedly sclerotic form of this condi- 
tion. 
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The bony changes are constant throughout life and may even increase 
in extent as the patient grows older. While in its early stages the disease 
may be accompanied by difficulties in gait, together with some muscular 
atrophy and tenderness, the tendency 1s for these to recede and for the 
individuals later to be free from symptoms even in the presence of marked 
skeletal alterations. However, in infants in which there is a markedly 
sclerotic form of the disease anemia may appear and be uncontrollable. 
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METAPHYSEAL DyspPLASIA. 


This is a rare familial condition characterized by clubbing of the meta- 
physeal ends of the long bones, which assume a widened, somewhat tapered 
appearance with thinning of the cortex proximally and distally. The long 
bones may become bowed, and transverse lines of increased density are 
observed crossing the widened areas. The origin of this condition is un- 
known. The thinning renders them susceptible to fractures and stress 
deformities. In the cases reported by Feld, Switzer, Dexter and Langer 
incomplete pneumatization of the paranasal sinuses and thickening of the 
dorsum sellz with a small sella turcica were observed. These authors also 
noted that the vertebral bodies in one of their cases presented some lengthen- 
ing in the anteroposterior diameter. Komins described marked hyperostosis 
involving the facial bones and the base of the skull, prognothism and def- 
cient dentition. The spine in his cases revealed some loss of the normal 
dorsal and lumbar curves. 
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ARACHNODACTYLY (Marfan’s Syndrome) 


This condition is reputed to be an inherited mesodermal defect which 
some believe associated with eosinophilic hyperplasia and pituitary hypo- 
function. The disease is characterized by an aenocaally slender and 
elongated appearance of the patient, with unusually thin fingers which gives 
rise to the comparison with spider claws. Concomitant congenital anomalies 
are frequently present, among which are included a high arched palate, 
small genitalia, and congenital cardiac malformations of which dissecting 
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aneurysm of the aorta is acommon variant. Migraine, epilepsy and retinitis 
pigmentosa are also frequently seen with arachnodactyly. 

The skeletal system in these patients may present evidence of diffuse 
osteoporosis in addition to the abnormally slender appearance of the long 
bones. No specific changes are visible in the spine, but scoliotic changes 
secondary to relaxation of the paraspinal musculature is not infrequent. 
The osseous system presents certain similarities to eunuchoidism in which 
the extremities are long and slender and the epiphyses remain open for an 
abnormally long period. 


INFANTILE CorTICAL HyPpERosrTosIs 


In 1945 Caffey and Silverman reported on a syndrome which they desig- 
nated as infantile cortical hyperostosis. The condition is of unknown 
etiology, and usually manifests itself in infancy by a thickening of the 
periosteum in the shafts of the long bones of the extremities, the short bones 
of the hand, the clavicles, and particularly the mandibles. Similar changes 
have been observed in the ribs. No involvement of the vertebral column 
has been reported. 

In the cases observed by us no changes other than those reported in the 
literature were observed. 
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MONGOLISM 


This is a form of mental deficiency of obscure origin which is evident 
at or soon after birth. In a completely typical instance the patient pre- 
sents the so-called mongoloid appearance with slanting eyes, narrow pal- 
pebral fissures and frequently an epicanthus. The children are usually 
small for their age, definitely mentally retarded and have poorly developed 
musculature so that the lack of coordination soon becomes evident. The 
protruding tongue and drooling from the mouth 1s usually seen in the more 
advanced cases. The condition usually terminates in death before adoles- 
cence, many mongols being seen as infants and relatively few surviving 
beyond adolescence into adult life. 

ongolism is frequently accompanied by congenital malformation of the 
heart. The hands and feet are usually short and thick, and the hands often 
present a shortened and inwardly curved fifth finger. A tendency towards 
a bifid formation of the hands and feet is present. 

Skeletal maturation may be delayed in mongolism. The head may be 
brachycephalic and not infrequently microcephalic with hypoplasia of the 
nasal bones and upper maxilla. While the inwardly curved fifth finger 
often observed with mongolism is considered characteristic of the disease, 
the same change may be observed occasionally in cretins and achondro- 
plasts. Caffey has pointed out that the actabular angles of the hips are 
reduced and the ilia are broad. 
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Retardation of epiphyseal development may or may not occur with 
mongolism. Aside from the skull changes, no gross alteration in bony 
configuration has been described. The vertebral column shows no specific 
change in the bony structure of the vertebrz, but scoliosis secondary to 
muscular relaxation 1s not uncommon. In some of the mongols with large 
protuberant abdomens, a moderate dorsal convexity of the spine may be 
observed. In the cases observed by us, no specific vertebral changes could 
be made out. 

Spitzer, Rabinowitch and Wybar (1961) noted that in 9 of their 29 
mongoloid patients from 8 to 49 years of age that there was a forward 
displacement of the atlanto-occipital joint, together with abnormally thin 
and small atlas vertebrz. 
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MELORHEOSTOSIS 

This is a rare bony disturbance characterized by an unusual distribution 
of hyperostosis dispersed along the sides of bones of the extremities com- 
parable to tallow dripping down a candle. It 1s usually confined to a single 
limb, with the hyperostosis selecting only one side of the bone. Limitation 
of the movements of the joints of the affected limb has been observed in about 
half the reported cases (Fairbank, 1948). Scleroderma, with fibrosis and 
thickening of the muscles and other soft tissues may be responsible for this 
stiffness. Involvement of the spine 1s rare. Carpender, Baker, Perry and 
Outland (1943) reported an eighteen-year-old female in whom the lateral 
aspects of the vertebral bodies extending from the seventh thoracic to the 
first lumbar vertebre showed the striations characteristic of melorheostosis. 
Masserini (1944) also noted vertebral involvement with a dense, patchy 
well circumscribed type of deposit of compact bone in the vertebral bodies 
without distortion or symptoms. 
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ENDOCRINE DISTURBANCES 


PRiMARY HyPpERPARATHYROIDISM 

Albright and Reifenstein (1948) defined primary hyperparathyroidism as 
a condition in which more parathyroid hormone is manufactured than re- 
quired. The parathyroid glands usually exist as four discrete structures, 
two beneath the inferior aspect of each lobe of the thyroid. The underlying 
pathologic change may be either a diffuse hypertrophy of all the parathy- 
roid tissue or the development of single or multiple adenomas. A small 
number of malignant parathyroid tumors associated with hyperparathy- 
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roidism also have been reported (Gentile, Skinner and Ashburn, 1941; 
Meyer and Ragens, 1943; Stephenson 1950). Certain chemical findings 
in the blood are characteristic of hyperparathyroidism. These include in- 
creased serum calcium content, decreased inorganic phosphorous content of 
the blood, excessive excretion of calcium in the urine, increased excretion of 
inorganic phosphorous in the urine, and in those cases 1n which the skeletal 
system is extensively involved, an increased serum alkaline phosphatase 
content. Albright and Reifenstein believed that some parathyroid adeno- 
mas were connected with situations which tended to lower the serum calcium 
level, thereby stimulating parathyroid hyperplasia with the transformation 
of multiple circumscribed ‘‘germinative centers”’ into adenomas, with loss 
of control of these centers by normal stimuli. Association of parathyroid 
cul with pituitary and pancreatic islet cell tumors has been men- 
tioned. 

Hyperfunction of the parathyroid glands does not affect the skeleton 
primarily, but first influences the phosphate metabolism by lowering the 
renal threshhold for the excretion of phosphorus in the urine. This in 
turn is accompanied by a fall in the blood serum phosphate. The serum 
calcium increases in order to keep the relationship between the serum cal- 
cium and phosphorus constant, thereby mobilizing calcium phosphate 
from the bone with consequent hypercalciuria. In addition to this mech- 
anism Albright also believed that an excess of parathyroid hormone had a 
direct influence upon bone structures. Parathyroid hyperplasia and 
adenomas may occur without renal or osseous manifestations (Rogers, 1946). 

The original description of osteitis fibrosa was made by von Reckling- 
hausen, who considered the change a primary disease of the skeleton. The 
association of osteitis fibrosa with a parathyroid tumor was noted in 1904 
by Askanazy (Snapper, 1949) and experimental evidence of the influence 
of the Saeehuroid glands on calcium metabolism was reported by Erdheim 
(1907). Erdheim believed that the hyperplasia of these glands was a com- 
pensatory mechanism to permit calcium mobilization from the skeleton 
replacing calcium lost in the unne and stool. In 1926 Mandl reported the 
first case successfully operated upon for the removal of a parathyroid tumor. 
Mandl had transplanted four parathyroid glands from a moribund patient 
to a patient who preoperatively showed extensive osteitis fibrosa. This 
was done to test Erdheim’s concept that parathyroid hyperplasia was a 
compensatory mechanism. Following the operation the patient became 
worse, whereupon Mandl not only removed the transplanted glands but 
explored the patient’s mediastinum and removed the offending parathyroid 
tumor. Operation was followed by a rapid cessation of clinical symptoms 
and return of the blood calcium to a normal level. The first case in this 
country of hyperparathyroid tumor with surgical removal of a lesion from 
the mediastinum was described by Hannon, Shorr, McClellan and DuBois 
ee The monograph by Shelling summarized all available data up 
to 1935. 

In hyperplasia of the parathyroids the growth 1s chiefly of the clear cells. 
With adenomas the chief or principal cells multiply in acinar formations, 
with intervening areas of degeneration and small cyst formations. The 
presence of a small tumor of clear cells surrounded by a shell of normal para- 
thyroid tissue is considered quite characteristic of an adenoma. The 
pathologic changes were described in detail by Castleman and Mallory (1935). 

The clinical picture of hyperparathyroidism apparently is the same no 
matter whether the clear cells or the chief cells predominate. It is currently 
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considered that the water clear cells of the parathyroid glands represent the 
stage of greatest hormonal activity. The chief, or principal cells, indicate a 
resting stage. Young chief cells, which are water clear transitional chief cells, 
are regarded as possibly being activated principal cells. The eosinophilic 
cells found in the parathyroid glands have no known endocrine activity. In 
a review of 63 cases, Black (1948) encountered single adenomas in 56 cases, 
multiple adenomas in 3, and diffuse primary hyperplasia in 4. Generalized 
osteitis fibrosa cystica was present in less than 40 per cent of his cases. Thirty- 
five per cent had renal complications, but no evident bone disease, and 20 per 
cent had bone changes without renal complications. About 20 per cent had 
both renal and bone disturbances. He considered the urinary changes more 
frequent and more important than the bony complications. 

Hyperparathyroidism occurs in either sex, but is rather more frequent 
in females of middle age. However, cases have been observed in children 
and elderly individuals. The condition may exist in a subclinical form 
for several years, becoming evident only when manifestations secondar 
to demineralization of bone results in weakening of these structures, wit 
consequent deformities and pathologic fractures. Coburn (1944) reported 
such a case followed for fifteen years. The patients may also develop 
a peculiar muscular atonicity due to hypercalcemia. Anorexia, nausea, 
vomiting and abdominal pain may also be noted. With the maintenance 
of hypercalciuria the urine may be supersaturated with calcium phosphate 
and stones appear. hese sometimes become quite large and may be 
responsible for impaired renal function. Another type of deposition of 
calcium 1s so-called metastatic calcification, in which lime salt is laid down 
in various organs, especially the kidneys, and less often the heart, the lungs, 
and sometimes the corpora cavernosa and the mucosa of the gastrointestinal 
tract. When the kidneys are considerably infiltrated with such calcification 
the lime salt deposits can be identified on roentgenograms as nephrocalcinosis. 
The difficulties in establishing a diagnosis of hyperparathyroidism on biopsy 
material alone was stressed by Black and Ackerman (1950), who believed 
that the characteristic roentgenographic and chemical changes were also 
required to make the diagnosis. Secondary hyperparathyroidism due to 
renal disease may so simulate primary hyperparathyroidism that the two 
are indistinguishable (Curtis and Filler, 1942.) 

The clinical picture of hyperparathyroidism may be one which has to be 
differentiated from others which in part produce similar details. For 
instance, nephrocalcinosis may be seen with chronic pyelonephritis or 
glomerulonephritis, which in turn often results in the indistinguishable 
secondary form of hyperparathyroidism. Other causes for nephrosclerosis 
which are more readily distinguished include vitamin D intoxication, 
hyperchloremic acidosis, sarcoidosis, idiopathic hypercalcuria, excessive 
osteolytic activity such as may be associated with multiple myeloma or 
extensive bone metastases, bone tuberculosis or the milk-alkali syndrome 
observed in patients with peptic ulcers undergoing rigorous treatment. The 
association and persistence of peptic ulcers in patients with hyperpara- 
thyroidism alone or as part of multiple endocrine adenomas is worthy of 

ecial note, since some of the resistant patients may have hyperpara- 
oan without the more readily detectable features. Hypertension 
with hyperparathyroidism 1s related to the underlying renal damage. 

The skeletal changes in hyperparathyroidism are caused by osteoclastic 
activity which produces rapid decalcification, leading to osteitis fibrosa, 
a nonspecific reaction to rapid demineralization. Cyst formation, and 
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brown giant cell tumors, the so-called osteoclastomas, are found. The 
increased parathormone causes proliferation of osteoclasts in the bone 
marrow with erosion of trabeculz followed by decalcification and osteitis 
fibrosa. The rise in blood and urinary calcium is a result of the bony 
disturbance. Because of the increased phosphate excretion by the kidneys, 
hypophosphatemia develops. The rise in phosphate renal excretion is due 
to excess parathyroid hormone. Whether this hyperphosphaturia is simply 
due to increased glomerular filtration or to decreased phosphate resorption 
in the renal tubules, or to a combination of both conditions is still undecided. 
No agreement has been reached as to whether a decreased phosphate reab- 
sorption is due to a direct parathyroid hormone influence on the tubules, 
or whether hypercalcemia irrespective of its cause can decrease tubular 
reabsorption of phosphates. There is reason to believe that the demineral- 
ization in hyperparathyroidism may depend on still unknown mechanisms 
(Snapper, 1953). 

From a roentgenologic viewpoint, hyperparathyroidism is accompanied 
by a diffuse form of osteoporosis which may involve the entire skeleton. 
In those areas in which bone resorption is most pronounced the cortex of 
the bone may be thinned out, presenting a scalloped appearance. Adjacent 
thereto the bones may be expanded and there may be numerous connecting 
areas of radiolucency presenting at times an almost web-like appearance. 
Considerable deformity of the long bones secondary to softening and patho- 
logic fractures 1s not infrequent. The skull may show a miliary form of 
decalcification and occasionally this assumes a fairly sharply delimited 
appearance resembling osteitis circumscripta. The demineralization of the 
skeletal structures may proceed fairly rapidly, and in the most advanced 
forms there are large cyst-like regions of demineralization criss-crossed by 
residual bands of fibrous tissue. In other instances of hyperparathyroidism 
the cortex of the bone presents numerous small sharply circumscribed areas 
of decalcification, which later become confluent with ill-defined borders. 
The lamina dura around the teeth disappear. Another helpful sign is the 
identification of ungual tuft resorption, and more often subperiosteal decal- 
cification with small vertical spicules of bone produces a so-called palisade 
formation (Pugh, 1952). This also occurs with secondary hyperparathy- 
roidism, as does trabecular resorption of spongy bone at areas of stress 
such as the symphysis Houle and the distal ends of the clavicles. 

In several cases of hyperparathyroidism which we have observed in 
adults who had been bedridden for several years, in addition to the cystic 
changes in the bones there was marked sharpening and pointing of the 
distal ends of the radius and ulna and of the small bones of the hands, with 
marked dislocations of these structures because of the complete loss of 
articular structures. 

Roentgenologic manifestations of osteitis fibrosa cystica in the spine 
may be divided into two varieties. The more common form is the one in 
which the osteoporosis is pronounced, with demineralization of the entire 
vertebral column resulting in the formation of a dorsolumbar or dorsal 
kyphosis with shortening of the height of the patient and a forward pro- 
trusion of his head and neck. The vertebral bodies may collapse in a 
uniform fashion so that the normal height of the affected vertebral body is 
reduced, leaving the articular surfaces relatively smooth and the inter- 
vertebral spaces about average. This occurs usually in the dorsal spine. 
In the lumbar spine the osteoporosis may be manifested by a progressively 
more marked biconcave appearance of the vertebral bodies, and a conse- 
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SECONDARY HYPERPARATHYROIDISM 


Under secondary hyperparathyroidism are included conditions which re- 
sult in parathyroid hyperplasia with formation of excess parathyroid 
hormone. It may occur with or without the characteristic chemical or 
bony changes, and with histologically normal glands (Soffer and Cohen, 
1943). Chief among these conditions 1s chronic renal disease, leading to the 
designation of the disorder as renal osteodystrophy. Such renal disease 
may follow primary urinary tract disturbances such as chronic glomerular 
nephritis, pyelonephritis and nephrosis. Congenital malformations of the 
idneys such as polycystic kidneys and renal hypogenesis may also be 
causative. Other urinary tract disturbances such as obstructions due to 
urethral valves, prostatic hypertrophy, urethral strictures and bladder neck 
or ureteral strictures may also be responsible for such changes. A rare 
cause of secondary hyperparathyroidism may be the primary renal tubular 
disorder called Fanconi’s syndrome, in which there is acidosis, hyper- 
chloremia, glycosuria and an abnormal excretion of organic acids in the 
urine with a low serum phosphorus content. Another form of tubular 
damage may result in hyperchloremia without glycosuria (Rule and Groll- 
man, 1944). Secondary hyperparathyroidism also may be due to calcium 
deprivation due to diet, pregnancy, lactation, rickets and osteomalacia. 
Idiopathic hypercalcuria is another form of so-called vitamin D resistant 
rickets, with increased calcium excretion of unknown etiology. 

Renal insufficiency may be accompanied by abnormal serum phosphate 
and nonprotein nitrogen retention, and normal or slightly aanited serum 
calcium content. A high serum phosphatase level is present, as well as 
acidosis. Hyperplasia of the parathyroids follows the low serum calcium 
content which compensates for the elevated phosphate in the blood. The 
parathyroids in such patients, according to Castleman and Mallory (1935), 
may either remain average in size or increase markedly in bulk. There is a 
prominent increase in the number of normal-sized chief cells, with no 
mitotic activity. A diminution or absence of intercellular fatty tissue ap- 
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the patient reaches adolescence or adult age. The bone changes with renal 
disease were reviewed by Cancelmo and Bromer (1951). 

In the case illustrated here (Fig. 112) the patient was a nineteen-month-old 
boy with congenital obstruction at the vesical neck. This had remained un- 
treated for more than a year because his parents refused to heed medical 
advice. The child was admitted with acute urinary retention, with a urea 
nitrogen content of the blood varying between 95 and 100 milligrams per 
cent, a blood calcium of 10, alkaline phosphatase of 6 and an inorganic 
phosphorus content of 6.1 milligrams per cent. This patient presented a 
classical picture of renal osteodystrophy, with subperiosteal absorption at 
the distal ends of the humerus and forearms, an irregular appearance of the 
resorptive bone at the distal ends of the clavicles and generalized stunted 
growth. The lamina dura of his teeth were deficient, but the skull itself 
showed no gross change. 

Roentgenographic examination of his spine was of particular interest. 
This revealed the spinal column to be normally aligned. The verte- 
bra were of normal height, as were the intervertebral discs. The ver- 
tebral bodies maintained their normal proportions with a tendency towards 
slight rounding of the articular margins of the upper lumbar vertebre. 
No wedging was visible. The vertebral bodies presented a peculiar 
reticular decalcification immediately beneath their superior and inferior 
surfaces. To some degree this change was present along the anterior and 
posterior aspects of the vertebral bodies. We had available for comparison 
roentgenograms when the patient was six months of age at which time the 
skeletal changes were minimal, being limited to the epiphyses, and the 
vertebral bodies appeared to be within average limits. Apparently the 
time necessary for pronounced bony changes to develop in this patient had 
been approximately a year or less. 

Renal osteodystrophies in adults do not present as prominent changes in 
the skeletal structures. Visible changes do not occur at the ends of the 
long bones because the epiphyses are united. The condition may manifest 
itself more in the nature of metastatic calcinosis, with deposits 1n the soft 
tissues, and Monckeberg’s form of medial arteriosclerosis, together with a 
varying degree of osteoporosis which sometimes may be extreme. Such a 
case was reported by Dreskin and Fox (1950) in a twenty-seven-year-old 
man with intone renal disease since childhood, osteoporosis, parathyroid 
hyperplasia and metastatic calcification. The unique feature in this case 
was the predominant enlargement of one parathyroid gland simulating a 
palpable adenoma. The pathologic report included a description of tissue 
from the bones, including the vertebrz. These showed islands of hemato- 
poiesis, but the major portion of the marrow space was occupied by large 
numbers of irregular trabecule of cross-fibrillar bone lying in a fibrous 
matrix. The spongiosa showed predominantly osteoblastic new bone 
formation with rows of plump osteoblasts ened along the trabeculz, and 
the spicules had moderately wide osteoid margins. There was no apparent 
delay in calcium salt deposition in the osteoid material. Osteoclastic 
activity was also seen, with multinucleated osteoclasts lying in wide lacunar 
spaces. This lytic process was accompanied by deposition of new bone. 

he cortices were thin throughout, with pained: arlacun spaces containing 
fibrous tissue. Here, too, new bone was being laid down. The fibrous tissue 
was vascular and moderately dense, and there was no evidence of inflamma- 
tory reaction in this case. 

Renal osteodystrophy secondary to congenital polycystic hypoplasia of 
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the kidneys associated with diabetes and polycystic disease of the pancreas 
was described by Jackson, Bates, Slavin, and McFarland (1950). The 
patient was a twenty-five-year-old man whom these authors considered to 
be unusual because of the presence of diabetes and because the blood 
nonprotein nitrogen and serum phosphorous levels were elevated. In this 

atient the lumbar spine showed moderate osteoporosis as did the skull. 

he long bones showed cortical thickening with the appearance of increased 
trabeculations and multiple tiny cysts. In a study of the vertebre of 
39 patients who had died of renal insufficiency, Follis and Jackson (1943) 
found histologic changes in about half. The principal abnormality was 
excessive osteoid tissue rather than osteitis fibrosa. 

A case of adult renal osteodystrophy was included in the report of 
Albright, Drake and Sulkowitch (1937) in which a post-mortem roentgeno- 
gram of the spinal column revealed decalcification and herniations of the 
nuclei pulposz into the vertebrz. 

A rare form of osteonephropathy 1s cystinosis, the Lignac-Fanconi syn- 
drome. In this condition one encounters glycosuria without hyperglycemia, 
acidosis, a low serum phosphorus content and an abnormal excretion 
of organic acids in the urine. These patients present a picture of dwarfism 
and rickets which is considered to be due to a congenital malfunction of the 
kidney tubules, so that for some unknown reason there 1s a failure of 
reabsorption of glucose, amino acids and phosphates. As a result these 
substances are excreted in abnormal amounts, producing amino-aciduria 
with normal amino acid blood levels, glycosuria with normal blood sugar 
level and excess excretion of phosphorus in the urine. An excessive un- 
identified acid is present in the blood but an increased production of am- 
monia by the kidneys keeps the urine alkaline. The osteomalacia produced 
in this condition appears to be the result of excessive loss of phosphorus in 
the urine. Radiologically it 1s difficult to distinguish this condition from 
advanced infantile rickets. Sub-periosteal resorption of bones in the hands 
does not occur. Osteomalacia of the vertebral column has been described 
in association with generalized osteoporosis. 

The problem of rickets and osteomalacia from renal tubule defects was 
reviewed recently by Dent (1953) who suggested the designations of glomer- 
ular and tubular rickets, recognizing that some cases of tubular rickets termi- 
nated in uremia and were indistinguishable from primary glomerular rickets. 
Tubular damage, by the same token, was present in cases of glomerular 
rickets. Recent biochemical advances in his opinion justified attempts 
made by him to reclassify the forms of tubular nckets, namely, those forms 
resistant to vitamin D therapy in which the renal dysfunction was mainly 
concerned with the various known actions of the renal tubules. He stated 
that there was an adult as well as a childhood form of renal tubular defect 
with similar biochemical disturbances, and that the differential diagnosis of 
the various tubular disturbances was largely a chemical matter. The roent- 
genologic changes in the various forms of tubular disturbances were iden- 
tical, and might occur at any age, in either sex, and in acute or chronic form. 
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HypopaARATHYROIDISM 


This condition is due to a deficiency in the production of parathyroid 
hormone. The most common cause 1s accidental injury to the parathyroid 
glands, or accidental removal in the course of thyroid surgery. Rare cases 
of idopathic hypoparathyroidism occurring without known reason have 
been described. This condition 1s associated with tetany, characterized by 
muscular cramps, carpopedal spasm, convulsions and laryngeal stridor. 
Cataracts are also frequently observed with hypoparathyroidism. A fre- 
quently observed manifestation of hypoparathyroidism is the presence of 
calcification in the basal ganglia of the brain, which Albright and Reifen- 
stein regard as evidence that the change in hypoparathyroidism are in the 
direction of supersaturation of body fluids with calcium phosphate. How- 
ever, such basal ganglia calcifications are not necessarily pathognomonic of 
hypoparathyroidism. Hypoparathyroidism 1s associated with hypocalcemia 
and hypophosphatemia. 

In so far as I can determine there are no changes in the spinal column 
which may be attributed specifically to this condition. 
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PSEUDOHYPOPARATHYROIDISM (Seabright Bantam Syndrome) 


This condition 1s differentiated from true hypoparathyroidism by the 
fact that in pseudohypoparathyroidism the disturbance is an inability to 
respond to the presence of normal parathyroid hormone. This syndrome 
was first described by Albright, Burnett, Smith and Parson (1942), who 
reported that these patients had a tendency to be unusually thick-set 
and short with a tendency toward brachydactyly, especially in the meta- 
tarsal bones, because of early closure of the epiphyses. Considerable soft 
tissue calcific deposits may be observed, some of which can be felt on 
physical examination. Tetany is present, with low serum calcium and 
elevated serum inorganic phosphatase. The term “Seabright Bantam 
Syndrome” was suggested by a comparison to this breed of chickens in 
which the roosters present a feminine type of plumage, presumably because 
of an insufficient response to male sex hormone indicating, the presence of 
an end-organ refractory state. 

In the cases reported the long bones reflect the dwarfism present. Cal- 
cifications 1n the basal ganglia as well as elsewhere in the soft tissues have 
been described. The skull bones are thickened. The bony changes in the 
long bones sometimes are like those of an osteochondrodystrophy, with 
marked epiphyseal irregularities and softening and malformations which 
tend to return to a normal state when growth ceases. Changes in the 
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vertebral column are not striking, consisting mainly of some demineraliza- 
tion of bone with accentutation of the vertical trabeculz, some irregular 
calcification within the bodies and interspersed dense and rarefied areas. 
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PsEuDo-PSEUDOHYPOPARATHYROIDISM. 


There exists a small group of patients with some of the changes seen with 
hypoparathyroidism, but who ee neither hypocalcemia nor hypophos- 
phateraia: and consequently no tetany or convulsive symptoms. However, 
these patients present changes of dyschondroplasia in their short bones of 
hands and feet, round faces, short stature and metastatic calcifications in 


the soft tisues. No basal ganglia calcification has been encountered in this 
disorder. 
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CuUSHING’S SYNDROME 


Cushing’s syndrome is characterized by increased trunk fat, purplish 
stripes on the abdomen, a full moon face, hirsutism and acneiform eruptions, 
hypertension and decreased sugar tolerance. The skin becomes thin and 
dry, with cyanosis of the face, hands, neck and feet. The patient may be 
irritable and drowsy, with marked muscular weakness. Polydipsia, poly- 
phagia and polyuria may be noted. A polycythemia of mild degree may be 
present. A low basal metabolic rate is noted in many of these patients, but 
this may be normal or even somewhat elevated. Arteriosclerosis and 
nephrolithiasis are common concomitants of the disease. In females 
amenorrhea is frequent, and in the male loss of libido and impotence 1s 
observed. ‘This clinical picture was originally developed by Cushing (1932), 
who ascribed its cause to basophilic adenomas of the pituitary gland. 
Eisenhardt and Thompson (1939) called attention to the frequency with 
which osteoporosis was present with pituitary basophilism. Later, Cush- 
ing’s syndrome was found to be due to other causes including various 
adrenal cortical tumors, tumors of the ovary, tumors of the thymus or 
atrophy or inhibition of the hypothalamic nuclei, particularly of the para- 
ventricular and the supraoptic nuclei. Heinbecker (1946) reviewed experi- 
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for treatment of osteoporosis with testosterone, whose action 1s very much 
like that of the ‘“‘N”’ hormone. 

Knowlton (1953) questioned whether the pituitary, the adrenal cortex 
or the hypothalamus was the site of the original lesion, although it was 
generally agreed that the end result is due to excess activity of the adrenal 
cortical hormones. 

Similar conditions appear in patients treated over long periods with 
ACTH or cortisone. In a review of 189 cases from the literature and 5 cases 
of his own, Knowlton found that the clinical picture was variable, that the 
hypertension was reversible and that the suppression of gonadal function 
was not universal. He found x-ray evidence of spinal demineralization in 
74 per cent of cases, with compression fractures in 34 per cent. Skull 
osteoporosis was present in 50 per cent and rib fractures in 11 per cent. 

From the radiologic viewpoint the osseous manifestations of Cushing’s 
syndrome are principally those of osteoporosis, due to disturbed protein 
metabolism leading to a lack of bony matrix formation and deficient 
osteoblastic activity. The spine is effected, to a major degree. 

Cushing’s syndrome is associated with widespread osteoporosis which 
affects the spine, the ribs, pelvis and skull most severely. The vertebrz 
become demineralized, particularly so when the disease has been present 
for along time. The peripheral cortical bone forming the walls of the verte- 
bral bodies is thinned, but because of the loss of cancellous bone the margins 
appear relatively dense. Increase in radiolucency of affected vertebrz 
results from trabecular loss. The vertical trabecule appear to persist better 
than the horizontal ones, so that not infrequently the vertebre have rela- 
tively prominent vertical markings. Further changes are those incident 
to strain and weight bearing, and appear most often in the thoracic and 
lumbar regions. The affected vertebre may become biconvex, with bulging 
intervertebral discs producing exaggerated saucer-like indentations into 
the upper and lower surfaces of the bodies. Sometimes a sclerotic reaction 
appears along the margins of the bone in contact with the discs. Nuclear 
intrusions into the vertebra may be quite deep, and can produce faintly 
sclerotic reactions in the adjacent cancellous bone. Further loss of structure 
strength results in bulging of the vertical walls of the vertebrz or wedging 
or flattening of the bodies. In some the deformity is mild, while in 8 
the malformation is so severe that the vertebrz are almost discoid or deeply 
biconcave in configuration. 

The pathological appearance of vertebrz affected by Cushing’s disease 
was described by Follis (1951) and by Sissons (1956). The principal 
change of osteoporosis is reflected by the diminished osteoblastic activity 
resulting in thin, delicate trabeculz which may be angulated and sometimes 
crenated. Fatty replacement of hemopoietic tissue occurred in areas where 
trabeculz were absent and where bony rarefaction and collapse were 
greatest. 

As might be anticipated because of the effect of abnormal corticosteroid 
function, the amount of osteoid present about the trabeculz is quite small. 
The increased amounts of adrenal hormone inhibits protein synthesis, 
thereby diminishing the production of bone from osteoid. Follis noted 
rather thin osteoid borders about many of the thinned trabeculz in his 
patients. Sissons found that the surfaces of the slender trabecule were 
complete devoid of osteoid borders. Normal osteoblasts were seen, but 
these were reduced in number and their bone-forming activity appeared 
minimal. Osteoclasts were rare. 
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indicate that “‘collapse’’ of the osteoporotic bone structure may take place 
quietly and continuously, but that this process can sometimes be interrupted 
by a sudden and more complete compression fracture.” 

In the first edition of this book it was noted that occasionally osteoporotic 
vertebrz in patients with Cushing’s disease presented compaction of the 
vertebral surfaces. This was attributed to compression fracture. Incident- 
ally, an illustration of this was published by Sussman and Copleman (1492), 
but no specific note of its presence was made. In reviewing 12 cases of 
Cushing’s disease from my own experience, this change was found in 3. 
It appears as a rather broad, Bane: like zone of increased density which 
merges rather gradually with the subjacent cancellous bone. 

Howland, Pugh and Sprague (1958) suggested that this compaction of the 
upper, and occasionally of the lower surfaces of the vertebre may have 
almost specific importance in the diagnosis of Cushing’s syndrome. They 
found it present in 29 out of 69 cases, occurring only when osteoporosis was 
more than minimal. As a rule more than one vertebra was affected. The 
lower thoracic and upper lumbar areas were involved most often, usually 
together with compression of the vertebrz. In a few cases this change was 
minimal and its recognition dificult. Posttreatment films after more than 
six months were available in 19 cases. Eight of these had marginal com- 
pressions. This remained unchanged in 2, decreased in 3 and in the remain- 
ing 3 had disappeared completely. The condensation was noted to have 
diminished or disappeared before any change in the osteoporosis was 
demonstrable radiographically. 

Howland, Pugh and Sprague attributed marginal condensation to the 
effect of the abnormal corticosteroids on the healing of the collapsed por- 
tions of bone. Their postulation of a continued strong stimulus for the 
production of osteoid in Cushing’s disease is open to question. In their 
opinion this strong stimulus for osteoid formation resulted in unusually 
heavy callus about areas of fracture, and they attributed the heavy callus 
formation seen about mb and pelvic fractures in Cushing’s disease to this 
mechanism. This does not take into account that osteoid formation and 
osteoblastic activity 1s diminished in Cushing’s disease. In Sisson’s figures 
4 and 5 are excellent illustrations of compacted bony trabeculz in the de- 
pressed superior surface of a lumbar vertebra which looks very much like 
those seen with marginal compression. It is worth recalling his observation 
about the minimal tissue reaction about fractured trabeculz, even though 
in one instance he observed newly formed bone producing thicker structures 
in the upper surface of a partly collapsed vertebral body (his Figure 18). 
Insofar as heavy callus about rib and pelvic fractures is concerned, his 
illustration of a rib with two fractures is illuminating (Figure 19) One of 
these had neither displacement nor periosteal callus, while the other was 
surrounded by periosteal callus. 

As Howland, Pugh and Sprague point out, marginal condensation, as they 
term this change, may have specific diagnostic importance in the radio- 
logical diagnosis of Cushing’s disease. On the basis of present evidence 
it appears that trauma Is a major factor in the production of this interesting 
phenomenon. However, the mechanism may have some relation to deranged 
corticosteroid function, and still requires clarification. 

With healing of Cushing’s syndrome a reversibility of osteoporosis and 
return of the vertebre to an approximately normal appearance has been 
noted in some patients still in the growth period. In achers a central zone 
of osteoporosis persists. As normal bone is laid down at the upper and 
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lower vertebral surfaces the demineralized area becomes sharply delineated. 
In some the bulging of the intervertebral discs persists, while in others it 
disappears. Once osteoporosis develops in the postpubertal patient it 
remains relatively unchanged even when the patient recovers (Iannaccone, 


Gabrilove, Brahms and Soffer, 1960). 
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ACROMEGALY 


This condition is due to eosinophilic adenomas of the pituitary gland. 
In its fully developed form it is characterized by facial changes, notably a 
gross coarse thickening of the face and nose, prominence of the jaws, 
narrowing of the palpebral fissures, and in many cases, prognathism. The 
concomitant changes in the hands are a marked thickening and enlargement 
together with a prominent puffing of the ungual tips of the fingers. Less 
well known are prominent widening and beading of the distal tips of the 
upper ribs which has been termed “acromegalic rosary.” 

The accelerated growth is due to an excessive amount of growth hormone. 
When this occurs before puberty, gigantism results. After the epiphyseal 
cartilages are united the process of enchondral growth continues at the 
costochondral junctions, so that the ribs and costal cartilages increase in 
size and length, contributing to the dorsal kyphosis. Similar changes take 
place in other areas such as the mandibular condyles. The hormonal effect 
is not limited to growing bone, but also influences the growth of tendons, 
fascia, ligaments and joint linings among other tissues. 

Changes in the spinal column associated with acromegaly were described 
by Erdheim in 1931. He pointed out that the vertebral bodies were in- 
creased in their anteroposterior dimensions with relatively little increase 
in their height. This increase in width develops from the periosteum by 
endochondral ossification of proliferating cartilage. The newly formed 
bone can be identified roentgenologically by a thin line of demarcation from 
the vertebral body’s original margins. This proliferation of bone is most 
marked in the anterior aspect of the bone but may occur on the lateral 
aspects as well. Erdheim pointed out that the new cortex is pathologically 
wide and that the increased transverse diameter of the vertebral bodies, 
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other authors. The reader is directed to the illustrations published by 
Waine, Bennett and Bauer (1945), Gilmore and Mahan (1947), and Stein- 
bach, Feldman and Goldman (1959) as excellent pictures of this condition. 
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HyPpoTHYROIDISM 


This condition is incident to a diminution in the secretion of thyroid 
hormone. It may be partial, or if the gland 1s completely absent either as 
a result of destruction or surgical removal, a state of athyrosis may exist. 
Hypothyroidism may be encountered in any age group from infancy to 

adult life. Hypothyroidism originating in infancy or during fetal life is 
termed cretinism, and may be recognized by thickening of the subcutaneous 
tissues and the characteristic facies with a dull skin, apathetic expression, 
enlarged and often protruding tongue, thick lips ak a wide flat nose. 
These children also may develop a characteristic protuberant abdomen 
with short arms and legs. Mental deficiency is common and varies from 
an almost complete imbecile state to the level of a moron. Growth in these 
ee is retarded and the osseous development may be considerably 
delaye 

From the radiologic viewpoint these children present evidence of dys- 
genesis of the epiphyses of the wrists, elbows and knees (Wilkins, 1941). 
Development of dentition is frequently retarded with delayed eruption of 
the teeth. Bony changes observed in utero were reported by Dorff (1934). 

The radiologic changes in the spine reflect the delayed development of 
the skeletal structures. The gibbus deformity described below apparently 
may recede under thyroid treatment (Evans, 1952). The neurocentral 
synchondroses may have delayed union. The vertebral bodies often show 
some degree of osteoporosis. Engeset, Imerslund and Blystad (1951) 
described fragments of irregularly ossified centers within the vertebral 
bodies as well as evidence of arrested longitudinal growth. In one of their 
cases they also reported a kyphotic angle at the first and second lumbar 
vertebrz similar to the findings noted in Hurler’s disease. They suggested 
that this change in the appearance of the anterior aspect of the upper 
lumbar segments might perhaps be found more often if searched for. 
Swoboda (1950) reported 7 cases of infantile myxedema, all of which had 
incomplete wedging of the second lumbar vertebra producing an angular 
kyphosis. This was variable in degree, and in most of his cases produced a 
clinical gibbus. The involved vertebral bodies had a step-like wedging 
anteriorly and posteriorly. Caffey (1956) mentioned a case of hypothy- 
roidism in a boy three years of age in whom the maturation of the vertebre 
was retarded. The first lumbar body was hypoplastic, producing a kyphotic 
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the superior and inferior aspects of the various vertebra, particularly in the 
dorsal region between which a rarefied zone could be observed. ‘This 
condition had been well described by Engeset and his co-workers (1951) 
who described a persistent center of osteoporosis persisting after actual 
bone growth has become normal as indicative of the fact that the old bone 
remains abnormal, while new bone ts laid down with normal density. They 
commented on these changes as being somewhat similar to those seen with 
scurvy. 

Another change associated with hypothyroidism in children is a dys- 
genesis in ossification centers such as the femoral head, the distal epiphyses 
of the femurs and the wrists, producing a stippled configuration sometimes 
associated with a flattening of the affected epiphyses. Under adequate 
thyroid treatment these changes disappear and growth proceeds normally 
in successful cases. This type of stippling has rarely been described in the 
spinal column. With healing of the hypothyroid state the signs of epiphyseal 
dysgenesis in the thoracolumbar spine tend to diminish (Middlemass, 1959). 

The condition known as juvenile myxedema refers to hypothyroidism 
occurring in a previously normal child before the onset of puberty. In these 
cases some degree of delayed ossification occurs, together with diminution 
in growth. 
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‘TUBEROUS SCLEROSIS 


This condition is considered a congenital hamartial ectodermoses, one of 
a group which includes von Recklinghausen’s neurofhbromatosis, Sturge- 
Weber syndrome and Hippel-Lindau’s disease. The underlying tumor 1s a 

otato-like growth which varies in size from 0.5 to 3.0 cm. in diameter. 
These occur most frequently in the cerebral hemispheres, although other 
parts of the central nervous system may be involved. The masses may 
project into the ventricles from immediately beneath the ependyma, and 
calcification may occur within these tumor masses. Microscopically the 
pyramidal cells and glia are most affected. The condition is associated 
clinically with epilepsy, mental deficiency, adenoma sebaceum and con- 
genital tumors of the eye and many visceral organs. In some cases the 
endocranial lesions may dominate the picture, while in others the visceral 
tumors are responsible for the patient’s complaints. Involvement of the 
skeleton is relatively infrequent. 

Radiologic changes, aside from intracranial calcifications, include diffuse 
and widely varying skeletal manifestations of cystic, sclerotic or combined 
such lesions. These occur as periosteal thickening, fragmentation of cortical 
layers of bone, mottling of the skull of a sclerotic nature, rarefied changes 
in the skull, and cyst formations particularly in the terminal phalanges. 
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The vertebrz may contain multiple sclerotic foci which are scattered through 
the whole of the spine and pelvis, including the neural arches. These can 
be confused with osteoplastic metastatic lesions. Occasionally a cystic 
rarefaction appears in a vertebral body. 
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PROGERIA 


This is a condition of premature old age and represents a rare form of 
senilism which has a rapid onset, with retention of normal intelligence and 
without a perceptible cause. The condition is marked by a loss of hair, 
shrivelling of the nails, congenital cataracts and emaciation, together with 
a loss of subcutaneous fat and precocious arteriosclerosis (Moehleg, 1946). 
Roentgenologic examinations usually reveal a diffuse osteoporosis with 
swelling of the epiphyses and no change in the centers of ossification. 
Scleroderma together with hypoplasia of the terminal phalanges of the 
hands and feet may occur. The skull may be rather large with shghtly 
separated suture lines. Very little is mentioned about the spine in these 
rare cases. Talbot, Butler, Pratt, MacLachlan and Tannheimer (1945) 
reported a case in which they had carried out metabolic studies during the 
year preceding death from coronary thrombosis at seven-and-one-half years 
in a case of progeria. Roentgenograms of the spine in this patient showed 
an unusual degree of anterior notching in the lateral views. At necropsy 
no cause for the condition could be ascertained. 
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HyPOPHOSPHATASIA 


This is a chronic, familial condition characterized mainly by rachitic-like 
deformities 1n children, associated with low serum and tissue alkaline 
phosphatase activity and defective bone formation. The disease may begin 
in utero, and manifests itself in neonatal life or later. In the newborn severe 
deformities of the extremities are present, together with soft skeletal struc- 
tures and a globular skull which has markedly deficient ossification. The 
calcification of the skeleton likewise is scanty, and there is severe deficiency 
in the articular structures, the ends of the bones showing widely separated 
areas corresponding to the bony deficiencies. Multiple fractures occur. 
Infants so afflicted rarely survive. 
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When the disease appears after an initial period of apparent normalcy, 
symptoms of anorexia, vomiting, hypotonia and failure to thrive develop, 
together with cyanosis and convulsions. In these patients the joint struc- 
tures are prominent, the skull enlarged arid rachitic changes are present in 
the epiphyses and costochondral junctions. If the patient survives the 
skeletal changes interfere with walking and standing, and craniostenosis 
appears. In children in whom the onset of hypophosphatasia takes place 
after about 18 months of age similar bony anges are present, and the 
development of the child is retarded. Craniostenosis is less frequent as a 
later manifestation. Dentition is deficient in both groups. The pathologic 
changes have been described as resembling osteogenesis imperfecta in the 
newborn, while in older patients there is resemblance to rickets. The cause 
of death is usually renal failure. In those who survive residual and some- 
times prominent skeletal deformities persist. 

The vertebral column of newborns with hypophosphatasia partakes in 
the marked failure of ossification. In those who survive deficient calcifica- 
tion is manifested by delayed and irregular bone formation, while still later 
relatively minor vertebral malformations with intact bodies and occasionally 
dorsolumbar angulations are present. 
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METABOLIC DISORDERS 


OsTEOPOROSIS 


In osteoporosis the decrease in bone tissue is ascribed to a disorder of 
tissue metabolism characterized by the failure of the osteoblasts to lay 
down bone matrix. Inasmuch as this is a disease of tissue metabolism, and 
not of calcium metabolism, it is associated with relatively normal serum 
calcium and phosphorus levels. The most common cause for osteoporosis 
in the adult is the postmenopausal state caused by a deficiency in estrogen 
and consequent failure of adequate osteoblastic activity (Albright, Smith 
and Richardson, 1941). Probably next frequent is the so-called senile 
atrophy in which the bony structures undergo the same type of atrophy as 
all of the other components of the body. The atrophy of disuse with 
diminished osteoblastic activity, the so-called idiopathic osteoporosis of 
unknown etiology and the osteoporosis of malnutrition with depletion of 
bone matrix because of insufhcient protein intake are among the other 
causes which have to be kept in mind. Among the glandular causes, some 
of which already have been discussed, are Cushing’s syndrome, the adapta- 
tion syndrome of Selye, acromegaly, primary ovarian insufficiency (Albright, 
Smith and Fraser, 1942) and congenital osteoblastic defect as exemplified 
by osteogenesis imperfecta. A second major group included defects in bony 
matrix due to loss of androgen such as is seen with eunuchoidism and possibly 
senile osteoporosis (Albright and Reifenstein, 1948). An interesting case of 
primary ovarian agenesis in a seventeen-year-old girl was reported by 
Radwin, Michelson and Shore (1949). I have observed a girl of thirteen 
years presumed to have a pituitary adenoma with spinal osteoporosis. 
Other conditions associated with osteoporosis in relatively rare instances 
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Radiologic examination of the spine in early cases of osteoporosis first 
reveals a diffuse demineralization of the vertebral bodies. At this stage 
the vertebral bodies retain their normal contours, but present a glazed ap- 
pearance with rather sharply marked borders of increased density at the 
periphery of the respective vertebra. The intervertebral spaces as a rule 
are not disturbed. At this stage it is not uncommon for impaction fractures 
to occur in the anterosuperior aspect of the vertebral bodies, especially in 
the mid-thoracic and the thoracolumbar regions. The presence of Schmorl’s 
nodes may also be observed, but of interest is the fact that sclerosis of the 
bone surrounding the herniated nodules of fibrocartilage is conspicuous by 
its absence. With further progression of the osteoporotic process the de- 
mineralization increases and the tensile strength of the vertebre becomes 
lessened. This may be manifested by a diffuse collapse of one or several 
vertebral bodies, particularly in the mid-thoracic and upper lumbar regions, 
together with associated widening of the saree spaces. Anterior 
wedging of the vertebral bodies with concomitant dorsum rotundum may 
become prominent. In the advanced stages of osteoporosis the vertebral 
bodies may assume a biconcave configuration of the intervening interverte- 
bral cartilages. Combinations of diffuse flattening of the vertebral bodies 
together with biconvex configurations may be observed, with flattened 
vertical bodies more prominent in the thoracic region. 

Involvement of the cervical spine by osteoporosis may result in demin- 
eralization of the vertebral bodies. Ostesporstie collapse of the cervical 
segments is uncommon. The cervical intervertebral discs likewise usuall 
maintain normal contours unless altered by discogenic disease, which 1s 
frequent in the age group in which osteoporosis is most common. 

The remainder of the skeleton usually shows porotic changes of lesser 
degree, but in advanced cases thinning of the cortices of the long bones and 
widening of their medullary canals may be observed fairly often. A change 
which has recently been associated with osteoporosis particularly of the 
postmenopausal, senile or idiopathic type, is parietal thinness of the skull 
bones (Epstein, 1952). 

The osteoporosis of the vertebral column from the causes noted above 
may bear a marked similarity to that associated with other diseases, par- 
ticularly osteomalacia, myeloma, certain forms of hyperparathyroidism and 
the equally interesting but less common conditions mentioned before. These 
may be distingusihed by considering the clinical pictures associated with 
them in differential diagnosis. 
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OsTEOMALACIA 


This condition refers to disorders which result in the presence of ab- 
normal amounts of osteoid tissue in the bones because of insufficient calcifica- 
tion. Any condition which depletes the body’s calcium stores sufficiently 
can cause osteomalacia. Such depletion may take place through insufficient 
absorption of calcium or through excessive loss. Insufhcient quantities of 
inorganic phosphorus in the blood 1s another factor which militates against 
normal calcification of bony matrix by whatever calcium 1s present in the 
serum. Blood chemistry reveals a serum calcium value which 1s within 
normal limits or somewhat diminished. The blood serum phosphorous level 
likewise may be normal or slightly lower than usual. The failure of bone 
to calcify properly leads to increased osteoblastic activity with a consequent 
elevation in the serum alkaline phosphatase content. Albright and his 
co-workers indicated that rickets presented all the characteristics of osteo- 
malacia together with additional changes at the epiphyseal line, principally 
faulty calcification of the zone of provisional calcification (failure of osteoid 
tissue to calcify normally). 

Albright and Reifenstein separated osteomalacia into four categories 
depending upon the degree of severity. The first group included chemical 
osteomalacia with normal phosphatase, the second chemical osteomalacia 
with high phosphatase, the third Milkman’s syndrome and the fourth 
advanced osteomalacia. The degree of severity 1s dependent upon the re- 
lationship between serum calcium and serum phosphorus content. When 
the change is minimal the disordered deposit of calcium and osteoid tissue 
is not sufficient to give rise to sufficient skeletal weakness to produce a high 
phosphatase content because of increased osteoblastic activity. When the 
osteoblastic activity is stimulated, and where radiologic and clinical indi- 
cations of osteomalacia are lacking but still phosphatase content is elevated, 
there exists a group of cases in which neither pseudo-fractures nor deminer- 
alization occur. Ore with chemical osteomalacia and pseudo-fractures 
without obvious generalized demineralization constitute the third group, of 
which Milkman’s syndrome is probably the best example. The last classi- 
fication refers to those people with an advanced softening of bones charac- 
teristic of osteomalacia. 

From an etiologic viewpoint Albright and his co-workers pointed out that 
osteomalacia due to simple vitamin D deficiency has not been observed in 
this country, but has been reported by Maxwell (1935) as occurring frequently 
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in Northern China. Recently Winston and Pendergrass (1954) reported a 
case of Milkman’s disease which they attributed to simple vitamin D def- 
ciency in an adult. Vitamin D resistant rickets as seen in clinical practice in 
this country as well as elsewhere, and steatorrhea, are other causes. The next 
group described by these authors ts due to renal acidosis as caused by the 
Fanconi syndrome and the renal disease of tubular insufficiency without 
glomerular insufhciency. A third group ts idiopathic hypercalciuria and a 
fourth is hyperparathyroidism with osteitis fibrosa generalisata during the 
transitional stage following the removal of a parathyroid tumor. 

There are also bizarre metabolic diseases in which osteomalacia plays a 
significant role. For example, Lowe (1952) mentioned marked bone loss 
and suggestive rachitic changes as occurring in an unusual syndrome con- 
sisting of organic acidemia, diminished renal ammonium production, 
hydrophthalmos and mental retardation. In one such case seen by us 
recently the rachitic-like disturbances responded to vigorous vitamin D 
therapy, but the osteomalacia, particularly of the spine, did not recede 
visibly. The syndrome of idiopathic hypercalcuria, caused by impaired 
tubular reabsorption of calcium, results in increased calcium excretion and 
nephrolithiasis, also includes a degree of osteomalacia among its manifesta- 
tions. Evidence also has been presented to indicate that osteoporosis 
occurring with prolonged corticosteroid treatment may in later stages be 
accompanied by osteomalacia. 

The radiologic features of Milkman’s syndrome have received consider- 
able attention. At first (Milkman, 1934) this was considered to be a specific 
disease of unknown etiology, but the work of Albright and his colleagues 
(1946) among others has resulted in the inclusion of this syndrome in the 
group of osteomalacic diseases. The condition is characterized by multiple 
spontaneous idiopathic symmetrical pseudo-fractures. These zones of 
pseudo-fracture are actually united, the symmetrical focal bands of trans- 
lucency being due to zones of osteoid tissue. The outstanding radiologic 
feature consists of these translucent band-like areas. At first no deformity 
is present but later separation, displacement and overriding of fragments 
may occur. Settling of the vertebral column, formation of a heart-shaped 
pelvis, coxa vara, rib, ulnar and clavicular angulations are part of the pic- 
ture of generalized osteomalacia. Usually no callous formation is observed 
in these individuals. Albright and his colleagues mentioned that bone 
tissue taken from a rib and vertebra of 2 patients with Milkman’s disease 
showed characteristic changes of osteomalacia. They favored the retention 
of Milkman’s syndrome as an entity to emphasize the fact that osteomalacia 
can be present without generalized decalcification, with only these united 
uncalcified zones. In their discussion they presented 2 cases of Milkman’s 
syndrome associated with steatorrhea. 

In a report of a thirty-seven-year-old male patient with Milkman’s 
syndrome, Brick and Bunch (1947) reported that roentgenograms of the 
spine showed narrowing of the fifth and sixth dorsal vertebra, with pseudo- 
fractures of the spinous processes of the fifth, sixth and seventh cervical 
vertebre. There was generalized osteoporosis with pseudo-fractures of 
the interarticular isthmus of the third, fourth and fifth lumbar segments, 
of the second to fourth, the sixth, seventh, ninth, tenth and eleventh ribs, 
the manubrium and other bones. All in all this patient had 39 fractures. 
Biopsy of the tibia showed fibrosis and thinning of the cortex with unusually 
large Haversian canals and rarefaction of the bone. 
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fracture line apparently occurring through the osteoid zone. Repeated 
blood chemistry studies in this patient showed the serum calcium to be 
between 9 and 10 milligrams per cent, the serum phosphatase to be between 
3 and 4 milligrams per cent, and the serum alkaline phosphatase value to 
be between 10 and 15 milligrams per cent (Fig. 123). 
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RICKETS 


Infantile mckets associated with vitamin D deficiency is associated with 
failure of calcification of osteoid tissue and bone development due to an 
insufficient utilization of calcium. A reduced serum phosphorus content 
is present, which is caused by failure of absorption of phosphorous from the 
intestinal tract, and increased excretion of Sher ahoris from the intestinal 
and urinary tracts. The failure of osteoid calcification has been mentioned 
in the section under osteomalacia. The characteristic radiologic alterations 
in the growing bones include widened epiphyseal zones, with flaring and 
tuft-like configuration of the metaphyseal Hae of the growing bone. The 
diffuse osteomalacia sometimes associated with rickets may manifest itself 
in the spine by a similar process. The superior and inferior surfaces of the 
respective vertebral bodies may present a convex appearance, with the 
height of the vertebral bodies somewhat reduced and the intervertebral 
spaces proportionately widened. A mild dorsolumbar kyphosis has been 
ahecrved in several cases of severe infantile rickets, an example of which 1s 
included here. With proper therapy the vertebral bodies regain their 
height and normal osseous density returns. 

Oppenheimer (1939) described rarefaction of the vertebrz in early stages 
of rickets, with rapid progression. In less acute phases he identified globu- 
lar rarefied areas arranged like clover leaves which later became surrounded 
by calcium as the rickets healed. Broadening of the epiphyseal cartilages 
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been postulated but which do not appear tenable include primary disease 
of the kidneys or parathyroid glands and excessive intake of alkall. 

Because of the high calcium level, marked muscular hypotonia, 
anorexia, vomiting, constipation and retarded growth occur. Persistent 
hypercalcemia results in permanent damage, with marked retardation of 
growth, toxic effects on the central nervous system, heart, kidneys, crani- 
ostenosis and mental retardation. Some children present a characteristic 
“‘elfin’”’ facies, and association with cretinism has been observed. 

Radiographic examination reveal extensive osteosclerosis, soft tissue 
calcifications and defective ossification. The osteosclerotic changes in the 
long bones appear at their ends, with ricket-like deformities and osteo- 
sclerotic horizontal lines. The bones appear to be rather soft, being bowed 
and having the epiphyseal ends invaginated into the shafts to some degree. 
The vertebre partake in the osteosclerosis, their bodies particularly pre- 
senting increased density in a frame-like fashion, leaving a relatively 
radiolucent center. The bodies also are small. 

A benign form of hypercalcemia in children is known to occur, which is 
not as striking and 1s relatively self limited. The radiologic changes are 
minimal. It is not known whether a relationship exists between the two 
forms of hypercalcemia. 
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OcHRONOSIS 


This is a rare and probably hereditary metabolic anomaly of unknown 
origin, usually appearing in adults in middle life, and ich affects both 
sexes equally. The disease 1s characterized by excretion of alkapton in the 
urine, rendering the urine dark or brown-black after exposure to the air. 
The chemical substance excreted has been identified as homogentisic acid, 
which is an intermediary product in the metabolism of phenylalanine, 
beyond which that amino-acid and tyrosin are not metabolized. A few 
cases have been discovered in infants because of brownish or black discolor- 
ation of the diapers. The condition is usually asymptomatic until middle 
age, at which time the patients become poorly nourished and appear chron- 
ically ill. Their skin becomes a mottled yellowish or brownish color, par- 
ticularly over the head, neck and torso and to a lesser degree over the ex- 
tremities. The ear lobes appear nodular and rigid and become a discolored 
greyish blue color. The nose also may acquire a bluish tint due to the de- 
posit of homogentisic acid, and the sclere likewise assume a slate blue or 
purplish appearance, with triangular brownish patches. Clubbing of the 
fingers occurs and discoloration of the hands, the axilla and the genital 
regions because of pigment deposits occur. These people usually develop a 
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dorsal kyphotic curve with loss of the lumbar curve. Radiologic examina- 
tions of the spine show a hypertrophic ankylosing process with osteoporosis 
of the vertebral bodies. The dorsal kyphosis may be prominent. Vertical or 
linear striations may be seen in the vertebral bodies, which may be reduced 
in height. Most striking 1s a diffuse calcification of practically all the 
intervertebral discs, which is considered diagnostic of this condition. 
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PROGRESSIVE LIPODYSTROPHY 


This condition 1s characterized by a loss of the normal fatty tissue in the 
upper half of the body. The adiposity of the lower trunk, pelvic regions 
and lower extremities becomes increased so that the lower half f of the body 
is disproportionately bulky. The disease occurs more often in females, 
and may occur from childhood well into adult years. As a rule the patients 
are able to continue their activities, but may complain of easy fatiguability. 
The loss of fat may be progressive. According to Ziegler (1928) the hypo- 
thetical causes are neurotrophic and endocrine disturbances, alteration of 
fat metabolism, race, heredity, infection and congenital defect. No one of 
these has been definitely identified as a single etiologic factor. The disease 
is neither hereditary nor familial. 

No skeletal alterations have been mentioned as part of the picture of 
lipodystrophy. One patient, a twelve-year-old boy, seen by us showed 
changes in the spine (Fig. 127). The anterior aspects of the middle cervical 
vertebra were sharpened and angular. The thoracic vertebre were not 
disturbed, but a definite convexity of the thoracolumbar junction was 
present. 
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Inflammatory, Degenerative and Noxious Diseases of the Spine 


ANKYLOSING SPONDYLITIS (RHEUMATOID SPONDYLITIS, MARIE-STRUMPELL 
DIsEASE, ANKYLOSING SPONDYLARTHRITIS), AND RHEUMATOID ARTHRITIS. 


Ankylosing spondylitis is a fairly common disease of still unknown 
etiology which usually appears in males during the second to fourth decades, 
and is not uncommon even later. It has a marked inflammatory component, 
occurs in siblings and is likely to affect the offspring of similarly afflicted 
parents. Mental shock, trauma and acute infectious disease sometimes 
precipitate its onset or aggravates its manifestations. The progress of the 
disease may be slow or rapid, with remissions and exacerbations. The 
advent of steroid therapy is a noteworthy step in the management of this 
disabling condition, but the prognosis remains rather gloomy insofar as 
progressive disability is concerned. The relief of symptoms with x-ray 
therapy has made a place for this modality, but the possibilities of leukemo- 
genic effect is a deterrent to its usage. 

The question whether ankylosing spondylitis and rheumatoid arthritis 
are the same basic disease is still largely unresolved. The striking resem- 
blance of the histopathologic changes in the afflicted joints is noteworthy, 
as is the presence of occasional peripheral joint involvement in patients with 
ankylosing spondylitis and vertebral column disease in individuals whose 
peripheral joints are mainly involved. In Great Britain ankylosing spon- 
dylitis 1s separated from rheumatoid arthritis on the basis of differences in 
the pattern of joint involvement, the difference of incidence in males and 
females, the absence of streptococcal and sheep red cell agglutinins in 
ankylosing spondylitis, the absence of subcutaneous nodules in ankylosing 
spondylitis and some histologic features. Gold therapy has been found more 
effective in rheumatoid arthritis, while x-ray therapy is more beneficial in 
ankylosing spondylitis. Another point is the existence of severe osteo- 
porotic changes in the affected peripheral joints in patients with rheumatoid 
arthritis contrasted with its relative absence in the occasional case of 
ankylosing spondylitis with peripheral joint involvement. It appears that 
the main differential points are those referring to the involved areas, the 
sex incidence and the pattern of bone change in the peripheral joints. None 
are absolute, and the conclusion must be reached that we still cannot make 
more than a clinical differentiation, realizing that certain aspects of both 
diseases are present in either. 

Low back pain is one of the leading initial complaints of patients with 
ankylosing spondylitis, sometimes associated with changing sciatic radicular 
symptoms. Later the pain involves the lumbosacral and thoracolumbar 
areas. Initial involvement of peripheral joints sometimes confuses separa- 
tion of the entities, particularly if the articular symptoms are migratory and 
of relatively short duration. During the active stages fever, lassitude and 
weight loss accompanies the stiffness of the back, and the kyphotic stance 
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may appear rather rapidly. The period of activity may be relatively short 
or relentlessly progressive over a period of several years, producing a fixed, 
rounded configuration of the thoracic spine and consequent forward thrust 
of the neck. Spinal involvement with rheumatoid arthritis usually is in the 
cervical region, and may appear in relatively young children with ankylosis 
of the posterior cervical articulations. The peripheral joints are frequently 
involved in rheumatoid arthritis, while such change is relatively uncommon 
with ankylosing spondylitis. Sacroiliac involvement in rheumatoid arthritis 
is not present, while it is frequent and early in ankylosing spondylitis. An- 
other clinical point is that ankylosing spondylitis is rare before puberty, 
while rheumatoid arthritis may appear even in children. 

The earliest pathologic change associated with rheumatoid disease 1s 
marked proliferation of the synovial tissues, the articular capsules and 
surrounding soft tissues of the joints. Vascular granulation tissue then 
appears over the articular cartilages. Concomitantly, a similar inflamma- 
tory process takes place in the connective tissue elements in the bone 
below the articular cartilage. The inflammation then extends through the 
zone of temporary provisional calcification and destroys the articular 
cartilage nearest the bone. At the same time the articular cartilage itself 
is attacked. These two layers of active granulation tissue have marked 
potentialities for forming fibrous and bony ankylosis. This replacement of 
normal synovial tissue by granulation tissue, eroding cartilage and in- 
vading bone, results in marked deformities of the joints with loss of func- 
tion and ankylosis. 

In the early stages of the disease, increased synovial fluid of an inflamma- 
tory nature appears in the involved joints. With recession of the attack the 
joint effusion disappears, but in the chronic stages the hyperemia and 
inflamed synovial membranes become prominent. At first the synovial 
membrane is engorged and swollen, but retains its smoothness. Later its 
surfaces become granular and attached firmly to the articular cartilages as 
a sheet of thickened vascular fibrous tissue termed pannus. Ankylosis of 
the joints may occur when a pannus firmly binds two opposing surfaces, or 
when the surfaces meet because of ulceration through their cartilaginous 
boundaries leading to apposition of bony structures (Hare, 1940; Stein- 
berg, 1942; Oppenheimer, 1945). Gibson (1957) reported that biopsies 
from the sacroiliac and manubriosternal joints indicated change from fibro- 
cartilage to fibrous tissue to chondroid and later to bone, with no truly 
inflammatory phase. Serial biopsies from the tips of the spinous processes 
showed inflammatory destruction followed by excessive bone formation. 
In the posterior spinal joints adhesions form rapidly after a villous synovitis, 
followed by chondroid metaplasia, ossification and ankylosis. In the inter- 
vertebral discs ossification occurs in the peripheral fibers of the annulus 
fibrosus and spreads from the margins of the epiphyseal rings of the body 
on either side to meet in the midline, producing first small spur formations 
and later a bamboo spine. 

Rheumatoid disease is not entirely a disease of the articular structures, 
but as a disease of connective tissue in general, may produce changes in the 
cardiovascular system, the soft tissues of the skin in the form of cuneate 
nodules, and the peripheral nerves with a somewhat similar nodular change. 
In the later stages the bony structures are involved to a considerable degree 
with atrophy and erosions in localized areas. These changes are caused by 
extension of vascular granulation tissue from the joint through the cartilage 
into the adjacent bone. 
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spinal ligaments leading to the so-called “poker spine.’” In some cases the 
narrowing of the disc was so marked that the margins were practically in 
apposition one to another. It was not uncommon to note areas of linear 
increased density at the superior and inferior margins of some of the verte- 
bre which had closely approximated each other. In other patients in whom 
the disease was less precipitous in its advance, and in whom the vertebral 
bodies retained a good degree of osseous density, changes in the interver- 
tebral discs seemed to parallel those usually associated with that particular 
age group. In individuals in early middle life, in whom a moderate dorsum 
rotundum had appeared, hypertrophic changes at the articular margins of 
the discs were not uncommon. In these patients, narrowing of the inter- 
vertebral spaces, particularly along the middle of the arc of the dorsum 
rotundum, was the rule rather than the exception. These changes seemed 
to be most pronounced in the upper two-thirds of the thoracic spine. The 
lower third of the thoracic spine maintained the usual height of the inter- 
vertebral discs for a longer time. The discal changes probably bear some 
specific relation to ankylosing spondylitis even though there is no synovial 
membrane in the intervertebral fibrocartilaginous joints. 

When demineralization of the vertebral bodies occurs, the intervertebral 
discs assume a somewhat biconvex appearance. While small Schmorl’s 
nodes are occasionally noted in the lower dorsal and upper lumbar region, 
their appearance in these regions, and more particularly their appearance 
in the remainder of the dorsal and lumbar spine, 1s uncommon. 

In those in whom the progress of the spondylitis was more insidious, 
normal osseous density appeared to be retained for a longer period of time, 
even though considerable calcification appeared in the spinal ligaments. 
These individuals also had a tendency to develop a moderate dorsum 
rotundum. 

When reviewing films of the dorsal spine it may be of interest and diag- 
nostic help to observe the appearance of the angle of Louis. With ankylosing 
spondylitis it is not infrequent to note articular and bony changes in the 
manubriosternal joint. These may appear as widening of the joint space 
with sclerotic and erosive bone edges (Solovay and Gardner, 1951). In 
two recent cases of young men believed to have early manifestations of 
ankylosing spondylitis I have observed similar changes in the sterno- 
clavicular joints, best delineated on body section roentgenograms. A 
similar appearance of the ischial tuberosities and the symphysis pubis 
attributed to subcortical bone destruction is mentioned by Middlemiss 
(1956). 

As a rule, the usual lumbar lordotic curve was either straightened or 
shallower than normal, even though considerable dorsum rotundum had 
appeared. Paravertebral calcification appeared to be most intense in the 
vicinity of the lumbar and thoracic spine but similar changes in the cervical 
spine were by no means uncommon. ‘The appearance of the paraspinal 
calcification was not uniform. In several instances calcification was quite 
pronounced in the lumbothoracic region and absent in the upper dorsal and 
lower lumbar areas. When the disease had been present for a considerable 
time, changes in the apophyseal joints were readily apparent. The sacro- 
iliac joints showed almost complete loss of their bony margins, the joint 
spaces being seen as thin white lines where the opposing surfaces of the 
sacrum and iliac bones met. 

The effect of x-ray therapy on ankylosing spondylitis 1s beneficial. Favor- 
able results have been reported by many observers, particularly in the early 
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with rheumatoid arthritis treated with cortisone over a long period of time 
was reported by Demartini, Grokoest and Ragen (1952). 

An interesting complication occasionally observed in patients with ad- 
vanced ankylosing spondylarthritis is reduced efhciency of the costo- 
vertebral mechanisms secondary to ankylosis of the joints between the 
ribs and the dorsal vertebrz. In such instances the effect of the costover- 
tebral immobility 1s to reduce the efficiency of the respiratory and cough 
mechanism, resulting in recurrent attacks of pulmonary disease (Hamilton, 
1949). 

The clinical picture of ankylosing spondylitis has also been associated with 
a number of other conditions totally unrelated to the basic concept of the 
disease. Examples of these are brucellosis, which has been reported as pro- 
ducing changes in the sacroiliac joints practically indistinguishable from 
those associated with rheumatoid arthritis (Steinberg, 1948), intestinal 
amebiasis (Rappaport, Rossien and Rosenblum, 1951), and that form of 
arthritis which not infrequently 1s observed in women of menopausal age 
(Greenblatt and Kupperman, 1946). Abel (1950) reported that patients 
with paraplegia may present sacroiliac joint changes similar to those seen 
with ankylosing spondylitis. Acute or chronic pelvic visceral sepsis may be 
responsible for destructive lesions of the sacroiliac joints. 

Destructive bone lesions with ankylosing spondylitis are rare. Of great 
interest is the case reported by Baggenstoss, Bickel and Ward (1952) in 
which granulomatous nodules occurred in the body of a vertebra, producing 
destructive changes. X-ray examination disclosed: destruction and wedging 
of the body of the twelfth dorsal vertebra. At necropsy there was destruc- 
tion of this vertebra and a nodule in the third lumbar vertebra. These had 
been considered myelomatous until histologic investigation revealed bony 
changes including palisading of fibroblasts around a central necrotic area 
and destruction of adjacent bone trabecule similar in nature to lesions 

resent in the heart and pericardium. The necrotic focus was of a granu- 
pany inflammatory nature such as occurs in the viscera and subcu- 
taneous tissues. They also mentioned 3 other cases with destruction of 
vertebrz without histologic confirmation. Wholey, Pugh and Bickel (1960) 
reported ten cases with localized bone destruction on either side of the inter- 
vertebral disc. This was more pronounced anteriorly and was followed by 
spontaneous fusion and ankylosis. A certain similarity to the changes 
present with tuberculosis, osteomyelitis and other granulomatous lesions 
was observed. When fairly extensive bone destruction was present meta- 
static disease had to be considered and biopsy was required sometimes to 
make the diagnosis. The bone destruction 1s much less conspicuous than 
the other more obvious effects observed with rheumatoid spondylitis. In 
two cases biopsies revealed histologic changes compatible with rheumatoid 
inammation. Gibson (1957) illustrated a case of rheumatoid arthritis in 
which the cervical spine of an adult male patient presented destruction of 
the intervertebral disc between the third and fourth cervical vertebrz lead- 
ing to subluxation with cord pressure. 

Atlanto-axial dislocation occurs both in rheumatoid arthritis and ankylos- 
ing spondylitis. There may be pain in the cervical region together with 
neurological deficits which vary with the extent of the spinal cord pressure 
resulting from the forward displacement of the atlas on the axis. The earliest 
radiologic change is a widening of the space between the anterior aspect of 
the dens and the posterior aspect of the anterior arch of the atlas. Nor- 
mally this space measures about 2.5 mm. Sharp and Purser (1961) regard 
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a separation of more than 3 mm. as abnormal after the age of 44 years, 
although a gap of 4 mm. may be normal in younger individuals. With more 
advanced displacements a lateral shift and some rotational defects occur, 
producing torticollis and a forward position of the head together with a 
flattening of the cervicooccipital curve. The early changes are best identi- 
fied on flexion films. In two cases noted by us there also appeared to be a 
definite degree of demineralization of the second cervical vertebra, particu- 
larly of the dens. Atlanto-axial dislocations are observed less frequently in 
patients with ankylosing spondylitis, but in these patients 1s more likely 
to be accompanied by symptoms. It 1s important to keep in mind that 
tetraplegia and death may follow sudden compression of the medulla or 
upper cervical spinal cord, and these patients should be handled with great 
care. It is advisable not to attempt flexion examinations unless indicated 
by the inability to make the diagnosis from a resting lateral cervical spine 
roentgenogram. In patients with an obvious atlanto-axial dislocation little 
is to be gained by exaggerating the defect by making the patient flex the 
neck. However, when there are complaints of pain together with no definite 
displacement of the dens, flexion examinations are important in determining 
the amount of movement the dens can undergo. The demonstration of 
widening of the space between the dens and anterior arch of the atlas then 
becomes important. 
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JuvENILE RHEUMATOID ARTHRITIS 


Juvenile rheumatoid arthritis is often referred to as Still’s disease and its 
pathologic manifestations are much the same as those of rheumatoid arthri- 
tis. In addition, splenomegaly, lymphadenopathy and occasionally hepato- 
megaly are seen fairly often. The joints most commonly affected in the 
polyarticular form in children are those of the hands and wrist, the feet, 
ankles, knees and tempero-mandibular joints. Accelerated epiphyseal 
growth causes elongated configurations of the long bones (Coss, 1946). 
The cervical spine is involved in about 13 per cent of the cases. The disease 
occurs more often in females and is seen most frequently in the second to 
third years of life. The children present a delicate, almost bird-like fragile 
appearance. 

In early cases of juvenile rheumatoid arthritis no radiologic changes may 
be apparent in the spine. Later, the x-ray findings are those of spondylitis 
with relatively little calcification of the paraspinal ligaments. Some degree 
of decalcification of the vertebral bodies may take place early in the disease, 
but this is a very difficult alteration to evaluate. The lumbar lordotic curve 
may become straightened. As with the adult form of rheumatoid spondylitis 
thinning and approximation of the apophyseal joints are of considerable 
diagnostic importance. The intervertebral discs, according to Buckley 
(1943), do not become thin but may even expand and complete ankylosis 
may eventually result. Saenger (1950), in a report of 4 cases in children, 
the oldest of which was fourteen years of age, described a syndrome in which 
narrowing of the intervertebral discs appeared about two to four weeks 
after the onset of clinical symptoms. In these individuals pain was referable 
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chiefly to the hip. Some demineralization or destruction of parts of the 
vertebre appeared. Narrowing of the intervertebral spaces persisted for 
about four to twelve weeks, when sclerotic changes began to be evident in 
the vertebre. During the next two to eight months there was gradual 
widening of the intervertebral spaces with sclerosis and new bone formation 
in the area of destruction of the opposing bone margins. In very young 
children restitution to normal occurred within a year. 

Later in life ankylosis of the apophyseal joints of the upper cervical 
vertebrz may occur. These vertebrz tend to assume a diminished antero- 
posterior diameter as well as height. Their intervertebral discs may narrow 
ey clappes) resulting essentially in a small, fused upper cervical vertebral 
column 
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REITER’s SNYDROME 


This 1s a disease of unknown etiology which in its complete form, con- 
sists of a triad of conjunctivitis, urethritis and arthritis. The disease is 
quite infrequent and has been attributed to a number of infectious origins, 
none of which is considered conclusive. Biopsy of synovial membrane in 
1 case was reported by Bauer and Engelman (1942) as differing from the 
changes associated with either infectious or rheumatoid arthritis. As a 
rule, the joints most frequently involved are those of the elbows and wrists 
and, to a greater extent, the knees and ankles. Involvement of the spine 
and sacroiliac joints is relatively infrequent. In the 25 cases reported by 
Hollander, Fogarty, Abrams and Kydd (1945), mild and nonspecific spinal 
involvement was encountered in only 2 cases. The characteristic roentgeno- 
graphic abnormalities were those of a diffuse osteoporosis which disappeared 
as the condition cleared. Hollander and his co-workers studied synovial 
membrane removed from the right knee joint of 1 of their patients. In the 
course of removing the material it was noted that the cartilaginous surfaces 
of the joint were undisturbed. Their observations confirmed those of Bauer 
and Engelman (1942), in that an intense hyperemia and cellular reaction 
limited to the superficial layers of the synovium was found. They considered 
pau ca process as distinctly different from that seen with rheumatoid 
arthritis. 
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WERNER’S SYNDROME 


According to Thannhauser (1945) the distinguishing characteristics of 
this hereditary familial condition includes a premature graying of the hair 
and baldness, shortness of stature, scleropoikiloderma, Hroahik ulcers of the 
legs, juvenile cataracts, hypogonadism, a tendency to diabetes, osteoporosis, 
Siohe tion of the blood vessels and metastatic calcification. It has been 
referred to as progeria of the adult. ‘The radiologic changes, insofar as the 
spine were concerned, were those of an advanced spondylitis inconsistent 
with the patient’s age. Another example of this condition was reported 


by Pomeranz (1948). 
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PsoriaTic ARTHRITIS 


This condition is considered by some to be a variant of rheumatoid 
arthritis associated with psoriasis. It has been noted that the clinical 
activity of the disease varies with the extent and activity of the psoriatic 
condition. In a case described by Jungmann and Stern (1944) hie sion of 
certain vertebrae was observed, together with advanced changes involving 
the articulations of the extremities. In another case reported by Nunemaker 
and Hartman (1950) no spine changes were observed. Sherman (1952) 
described atrophic changes in the hands. In 2 cases observed by us the 
changes were most marked in the hands and wrists, with no definite alter- 
ation in the structure of the vertebral column. 
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TUBERCULOSIS OF THE SPINE (POTT’S DISEASE) 


Tuberculous osteomyelitis of the vertebral column is caused by hematog- 
enous extension of the tubercle bacilli into the medullary spaces. With 
involvement of a single vertebra, Key (1940) designated the types of involve- 
ment as central, epiphyseal, or anterior, depending upon the initial site of 
infection. This occurs most commonly in the vicinity of the upper or 
lower vertebral cartilaginous plates where the blood supply is ample. 
The caseating effects of tuberculosis produce a localized destruction of bone 
which slowly increases in size. Liquefaction may follow, accompanied by 
abscess formation. Extension of the abscess by perforation of bone into 
the adjacent soft tissues is along the course of the anterior or lateral spinal 
ligaments. Later, further extension of the abscess into the adjacent soft 
tissues takes place. Abscesses forming above the diaphragm tend to re- 
main within the chest cavity or to point posteriorly, while those occurring 
below the diaphragm tend to enter the pelvis along the course of the psoas 
muscle and may point in the groin or the thigh. Less frequently abscesses 
burrow posteriorly and appear in the lumbar region. With further caseation, 
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collapse of the vertebral bodies follows, accompanied by disruption of the 
cartilaginous plates and spreading of the tuberculous infection into the 
intervertebral discs. Considerable deformity of the vertebral bodies may 
develop, varying from an almost imperceptible irregular demineralization 
of the intervertebral surfaces in the early phase to a practically complete 
collapse of the body in advanced cases. Wedging of the involved vertebral 
bodies due to progressive softening is not uncommon. The end result may 
be an angular kyphosis which in extreme instances reaches a 90-degree angle. 
While the extension of a tuberculous process from the one vertebral body 
to another by direct continuity is by far the most frequent form of extension 
of spinal tuberculosis, involvement of multiple vertebral bodies distant from 
one another 1s not uncommon. 

The incidence of spinal tuberculosis was reported by Bosworth and 
Levine (1949) to be 3.2 per cent of a total of 12,835 tuberculous patients 
treated at the Sea View Hospital in New York City during the period be- 
tween 1940 and 1945 inclusive. This was lower than usually reported, but 
the lowered incidence was believed related to improved treatment shorten- 
ing the period of possible metastasis. More recently Galland (1952) 

ointed out that the most common cause of death, tuberculous meningitis, 
ae been practically eliminated by modern treatment. The advent of 
modern therapeutic agents in tuberculosis may well be expected to further 
reduce the incidence of tuberculosis of the spinal column. 

The presence of mottled, sclerotic changes in tuberculosis of the spine is 
more common than is generally believed. Cleveland and Bosworth (1942) 
considered sclerotic changes in the involved bone to be a vascular phenom- 
enon produced by loss of blood supply from thrombosis, endarteritis, 
occlusion or destruction of blood vessels by the presence of dissecting ab- 
scesses. Sclerotic changes or mottling of an involved vertebra in a known 
case of tuberculosis might lead to an earlier diagnosis. Auerbach and 
Stemmerman (1944) pointed out that in vertebrz involved inscleroticchanges, 
microscopic study revealed the trabeculz to remain intact, thereby explaining 
the lack of collapse or other deformity in such individuals. The sclerotic 
changes are caused by granulation tissue and caseous material filling the 
marrow spaces rather than by any gross increase in the density of the in- 
volved bone. Both a caseating and productive sclerotic form of tuberculosis 
may coexist. In their series of 128 cases, Auerbach and Stemmerman found 
that 62 per cent were essentially exudative in nature, 12 per cent were 
essentially productive and 26 per cent showed both forms of the disease. 

While it 1s usually considered that the repairative formation of bone is 
more frequent in pyogenic osteomyelitis, such changes also have been de- 
scribed with tuberculous spondylitis. Bridging of the vertebral bodies 1s 
regarded either as a reaction to irritation, with periosteal new bone forma- 
tion, or ossification in ligamentous tissue rather than evidence of a healing 
process. In some cases this is extensive enough to fuse the vertebrz as 
effectively as a posterior surgical fusion. Guri (1947) pointed out that in a 
few cases healing occurred with bony fusion of the anterior aspects of the 
involved vertebrae. This usually followed contact between two bodies 
resulting from destruction of the intervertebral cartilage, or by recalcifica- 
tion and union of the remnants of several vertebrae which had been more 
extensively destroyed. The amount of concurrent deformity of the spine, 
the shape, structure and speed of formation of these synostoses were not 
uniform. The amount of protective muscle spasm may influence the final 
configuration of the spine. 
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Tuberculosis of the spine occurs more frequently in children in the upper 
thoracic region than elsewhere in the body. The lower dorsal and lumbar 
regions are more frequently affected in adults. Involvement of the cervical 
spine is less common. Paravertebral abscess formation occurs in about 
half of the adult group, and paravertebral swelling is an important early 
x-ray sign of tuberculous spondylitis. Bosworth (1945) stated that a para- 
vertebral abscess in the thoracic region was the earliest criterion for the 
diagnosis of spinal tuberculosis, antedating bony or intervertebral disc 
changes. He reported a case in which later necropsy showed no evidence 
of tuberculosis grossly or microscopically, but in which films made five years 
before had disclosed a paravertebral shadow from the third to twelfth 
thoracic vertebrz with slight narrowing of the seventh thoracic disc. 

Less frequent sites of involvement of the vertebre with tuberculosis in- 
clude the neural arches and the spinous and transverse processes. A case 
of isolated tuberculosis of the spinous process of the fourth lumbar vertebra 
was reported by Anderson, who reviewed the literature in 1940 and en- 
countered 12 similar cases. This lesion was more frequent in adults. In- 
volvement of a single spinous process occurred in 7 patients, and two 
spinous processes were hectel in 5 others. The neural arch was diseased in 
5 other cases. Abscess formation appeared, but no muscle spasm or de- 
formity of the vertebral bodies was noted. Anderson al that these 
lesions were less common and less grave than those in the vertebral bodies 
proper. Judd (1940) reported a case of tuberculosis of the transverse proc- 
ess of the third lumbar vertebra in which the destruction of bone was ac- 
companied by obliteration of the psoas shadow on the involved side. 
Operative intervention disclosed a large abscess from which 4 to 5 ounces 
of pus were evacuated. A sequestrum the size of an olive was found lying 
free in the space occupied by the transverse process. Herdner (1950) in a 
discussion of body section x-ray examination as applied to study of the 
atlas and axis mentioned 3 cases of suboccipital Pott’s disease. 

Tuberculosis of the sacroiliac joints occurs primarily in young adults, 
usually associated with tuberculosis elsewhere in the body, the most common 
sites being the spine and hips. Pain, abscess formation and draining 
sinuses are frequently present. Pollack and Bosworth (1942) reported 
that sacroiliac tuberculosis was encountered in 3.4 per cent of a thousand 
admissions, and described their findings in 44 cases. There were 33 males 
and 11 female patients varying in age between eight and fifty-five years, 
with the peak between twenty-one and twenty-five years. In 13 cases the 
right sacroiliac joint was involved, in 24 the left, and in 7 both sacroiliac 
joints were diseases. Roentgenographic examination disclosed erosion, 
sclerosis and cavitation in 73 per cent of the cases. Sequestration could 
also be demonstrated. The alignment of the joint was disturbed completely 
in 40 cases, while 9 showed only changes in the lower half of the joint. 
Changes limited to the central or upper portions of the joint were seen in 
1 case each. The sacrum usually showed more apparent destruction than 
the ilium. Isaacson and Whitehouse (1949) observed spontaneous bony 
ankylosis of the sacroiliac joint in tuberculosis of this joint. The earliest 
fusion occurred approximately four months after the onset of symptoms, 
while the longest interval was approximately two years. 

Extension of a tuberculous process into the spinal canal sometimes occurs 
in the early active phase of the disease. Tuberculous granulomatous tissue 
may surround the entire cord, separated from it by the dura. Extension 
of tuberculosis through the dura is rare. Intramedullary tuberculomas of 
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culosis. In another instance of slowly developing paraplegia in a patient 
with a kyphosis of the mid-dorsal area a complete block at the apex of the 
kyphosis was observed on myelographic examination. 
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Sarcoidosis.—Sarcoidosis is a systemic granulomatous disease of unknown 
origin. Its pulmonary manifestations are well known, as are the relatively 
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infrequent osseous changes in the small bones of the hands. More often 
the condition involves the lymph nodes, liver and spleen, the skin and the 
eyes. The underlying pathologic lesion is an epitheloid cell granuloma or 
tubercle which heals primarily by fibrosis and scarring without undergoing 
caseation. The systemic manifestations are referable to the extent of 
involvement of the various organ systems to a variable degree. Rarely do 
the osseous forms cause appreciable distress, except for some arthralgic pain. 

Involvement of the vertebral column is uncommon. Nevertheless, cases 
in which lytic changes are present have been recorded. In the patient 
described by Rodman, Funderbuck and Myerson serial films revealed a 
rapid lysis which improved after spinal fusion. Wood and Bream sum- 
merized five cases, including one of their own, in which the sarcoidosis 
affected mainly the perivascular spaces in the meninges, the arachnoid 
becoming infiltrated with lymphocytes and granulomatous nodules attached 
to the adventitia of the small vessels. Similar perivascular infiltrations 
occur within the spinal cord, the destruction of nervous parenchyma being 
consequent thereto. The myelitis and meningitis may be indistinguishable 
from an intramedullary tumor both radiologically and at operation, and 
arachnoiditis likewise may be simulated. 
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SPONDYLOSIS (HYPERTROPHIC OSTEOARTHRITIS, OSTEOPHYTOSIS, BECH- 
TEREW’S DISEASE, SPONDYLOSIS DEFORMANS) 


The many names applied to this common condition offers a_ subject 
for conversation. It 1s commonly recognized as osteoarthritis, but the 
term is a misnomer because no definite inflammatory element is associated 
with the disease. Another name applied to the condition is Bechterew’s 
disease, but Oppenheimer pointed out that the original reports were so 
ambiguous that Bechterew’s disease has come to imply in English and 
French a certain type of senile kyphosis, while in the German and the 
Scandinavian literature Bechterew’s disease is considered another name for 
what we designate as ankylosing spondylitis. It is Oppenheimer’s (1942) 
opinion, with which many agree, that the term Bechterew’s disease be 
dropped, since it defines neither a clinical nor an anatomic entity. Borak 
(1947) preferred the term marginal spondylosis if spurs alone were present 
at the edges of the vertebral bodies. The term destructive spondylosis was 
proposed if spurs coexisted with narrowing of an intervertebral space. He 
further suggested that spondylosis may be a factor in the development of 
spondyloarthritis because of the frequency with which they occurred 
together. Collins points out that the sufhx “‘sis” or “‘sos” should not have 
been applied to a normal anatomical term like “spondylo,” which means 
simply vertebra. He suggested that the term “‘osteophytosis” would be 
more appropriate, but in view of the wide acceptance of the designation 
“spondylosis” the concept be that this refers to the clinical syndrome arising 
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HYPERTROPHIC OSTEOARTHROPATHY 


Osteoarthropathy may occur as a concomitant of various cardiac and 

ulmonary diseases, especially chronic inflammatory diseases such as 
paonchicetics and tuberculosis. It has also been observed with pulmonary 
tumors, liver and blood diseases and chronic intestinal conditions such as 
colitis. Clinically it may simulate rheumatoid arthritis (Temple and Jaspen, 
1948). As a rule the condition is manifested mostly in the tubular bones 
and in the small bones of the hands. The predominant change is a roughen- 
ing and thickening of the periosteum with consequent proliferation of the 
cortex. Involvement of the spine in hypertrophic osteoarthropathy 1s 
uncommon. In an extensive report of this condition Mendlowitz (1942) 
mentioned that the vertebrz were rarely involved. 

Camp and Scanlan (1948) reported on several cases of a condition they 
termed chronic idiopathic hypertrophic osteoarthropathy. They defined 
this as a lesion occurring predominantly in males at the age of puberty or 
adolescence, and characterized by an osteoarthropathic syndrome of club- 
bing of the digits, enlargements of bones of the joints and thickening of the 
skin of the face in the absence of any primary disease. The disease mani- 
fests itself predominantly by thickening of subperiosteal bone following ap- 
proximately the same distribution as noted in pulmonary hypertrophic 
osteoarthropathy. In their discussion they eat that the vertebrz were 
rarely involved. 
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GouT 


Gouty involvement of the vertebral column has been reported rarely. 
An interesting case was described by Kersley, Mandel and Jeffrey (1950) 
in which an eighteen-year-old patient with gout was observed for five years. 
Death occurred because of sudden subluxation of the first cervical vertebra 
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due to tophaceous softening, a condition not previously reported according 
to them. Lichtenstein, Scott and Levin described a vertebral body bone 
section as containing heavy urate deposits within most of the intervertebral 
discs and extending into the contiguous bodies. In the affected joints focal 
chalky white or yellow tophaceous deposits were present on the articular 
surfaces and bone ends as well as in the deeper layers of cartilage. Hall 
and Selin reported urate crystals deposits in the posterior articular surfaces 
of the fourth and fifth lumbar vertebra, involving the ligaments and capsules 
as well. The crystals did not invade the cartilage deeply, but could not be 
separated even by firm wiping. This patient, a 51-year-old man, had had 
severe gout without back pain. 

While there are no reports to the present authors’ knowledge of specific 
spinal defects in gout other than those mentioned above, there appears to 
be clinical evidence that spine pain perhaps may be associated with this 
condition. In discussing symptomatology with many acquaintances with 
gout, I have the impression that even though the spinal x-ray examinations 
usually were negative, there was still reason for believing that gout may be 
associated with backache because of relief after appropriate medication. 
The pain described was of an aching, diffuse nature, and could not be sharply 
localized. 

A case reported by Koskoff, Morris and Lubic (1953) is of particular in- 
terest. Their patient was a forty-four-year-old man with paraplegia due 
to extradural deposition of sodium urate crystals in the lower thoracic 
spinal canal. The plain films were normal, but myelography revealed a 
complete block at the level of the eleventh dorsal vertebra. 
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INTERSPINAL OsTEOARTHROSIS (‘‘KiIssING SPINE’’) 


An increase in the usual lordotic curve of the lumbar spine may produce 
approximation and contact of the tips of the spinous processes. This re- 
sults in trauma and injury to the interspinous tissues and painful arthritic 
changes may follow. Other causes include Paget’s disease, when the mass 
of the spinous processes are increased, or atrophy of the vertebral bodies 
and the intervertebral discs which results in approximation of the tips of 
the spinous processes. The condition may also be due to congenitally high 
spinous processes and low vertebral bodies or both anomalies together. It 
has been observed as part of the picture of spondylosis deformans. The 
lesion occurs most often in elderly patients. It is characterized by a chronic 
and sometimes severe pain, which may be aggravated by rotational move- 
ments or bending forward or backward. Radiologically, the tips of the 
involved spinous processes can be seen in contact with each other, and there 
may be bony sclerosis and overgrowth between the opposing edges. 
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OSTEOMYELITIS 


While pyogenic infection of the vertebral column is somewhat uncommon, 
it occasionally presents a perplexing problem in differential diagnosis. The 
usual cause is a staphylococcic metastasis from a distant focus of infection 
However, numerous other organisms may produce osteomyelitis of the 
spine. The association of vertebral osteomyelitis with genitourinary infec- 
tions and after operations on the pelvic organs or the genitourinary tract 
has been attributed to spread of infection by way of the open system of veins 
along the vertebral column. The nutrient arteries of the vertebra offer 
another and perhaps easier avenue of infection. A similar mechanism takes 
place in vertebral osteomyelitis complicating postpartum and other uterine 
infections. QOsteitis pubis also represents a form of low grade infection 
which not infrequently follows prostatic surgery. Serial radiographic 
examinations are important in following the progress of the disease because 
of the lag between clinical and radiological manifestations. Body section 
radiography has been found to be of considerable help in evaluating small 
lesions. In patients with meningeal irritaticn or spinal canal obstruction 
myelography is essential, particularly in the presence of advancing neuro- 
logical symptoms. 

In pyogenic osteomyelitis of the spine the symptoms depend upon the 
site and the extent of infection into adjacent tissues. The complaints can 
be classified as predominantly cervical, thoracic, or abdominal and as in- 
volving the central nervous system, depending upon the extension of the 
bony involvement, and its relationship to the segmental nerves, pleura, and 
abdomen. The onset may be insidious or acute, and the progression of the 
infection varies considerably. A relatively benign form of spinal osteo- 
myelitis is easily confused with tuberculosis. Associated with the bone 
infection are fever, leukocytosis, muscle spasm and signs of meningeal 
irritation when the infection extends into the spinal canal. With osteo- 
myelitis of the lumbar spine the pain may be referred to the hip and leg, 
with pain, contractures, and limitation of motion. 

The vertebral body is most often involved, but infection of the neural 
arches alone or even the spinous and transverse processes alone has been 
reported. The lumbar spine is the most commonly affected region, the 
dorsal spine is less commonly involved, and the cervical spine and coccyx 
presents the lowest incidence of osteomyelitis. 

The radiologic evidences of osteomyelitis of the vertebral column usually 
lag considerably behind the pathologic changes, often as much as four to 
eight weeks. If adequate treatment is instituted, and the response satis- 
factory, no radiologic spine changes at all may develop. In the early stages 
of the disease involvement of bone may be limited to a small focus of rarefac- 
tion, usually in the superior or inferior aspects of the involved vertebral body 
close to the cartilaginous plate. Radiologic examination then may disclose 
nothing of significance, or at most a faintly decalcified focus. An early 
sign is slight narrowing of the intervertebral disc in the suspected area. 
When the disease has progressed so that there is appreciable destruction of 
bone, the rarefied area becomes more apparent. Collapse of the vertebral 
body may occur when the cancellous tissues are sufficiently weakened. 
Involvement of the intervertebral disc occurs frequently by direct extension 
through the cartilaginous plate. Adjacent to the intervertebral plate 
granular destruction of the bone takes place. When the infection has 
extended completely through the intervertebral disc to the supra- or infra- 
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TypHOoID OsTEOMYELITIS 


Typhoid osteomyelitis may develop long after the infection supposedly 
has been cured. Spota and Bardeci (1950) reported a forty-four-year-old 
woman with osteomyelitis of the upper dorsal spine twenty years after 
eres infection. The neural arch was involved to a greater extent than 
the body, and paraplegia developed because of extension of infection into 
the spinal canal. Subarachnoid block was due to extradural pressure from 
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a typhoid abscess. Steingraber (1947) mentioned that typhoid spondylitis 
may appear during the convalescent period, approximately four weeks after 
the disappearance of symptoms. 

The basic pathologic change is bone destruction caused by infected em- 
bolic infarcts. The intervertebral disc is secondarily affected by rupture of 
the focus through the cartilage, much the same as 1n pyogenic osteomyelitis 
(Keith and Keith, 1926). Healing is associated with osteosclerosis and bone 
bridging, and may take more than a year to complete. 
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BRUCELLA SPONDYLITIS 


Involvement of the spine with undulant fever is frequent, varying accord- 
ing to different authors from 10 to 65 per cent. Males are affected much more 
frequently. The disease affects the vertebral bodies, the neural arches, and 
extends into the intervertebral discs and the adjacent ligaments. Further 
progression into the spinal canal, with involvement of the meninges and the 
adjacent nerve roots may take place. The condition may be extremely 
painful and produce bony changes in multiple and sometimes separated 
vertebre (Purriel, Risso and Espasandin, 1943). From the radiologic 
viewpoint, DiRienzo (1943, 1950) reported that an early sign was lack of 
definition of the bone structures, with some attempt at bone regeneration 
which may appear in the more chronic forms. Regeneration of bone 
sometimes is quite marked. Extensive bony overgrowth may be concom- 
itant with newly formed destructive areas. In young people the destruction 
of the vertebral bodies and the intervertebral discs may be extensive. At 
the end stages of the disease the appearance 1s that of a chronic destructive 
spondylitis. Calcification of the anterior spinal ligament is fairly common, 
that of the posterior spinal ligament ts rare. 

Spink (1948) reported that infections with Brucella abortus in Minnesota 
was often associated with bone pathology. He presented an instance of 
osteomyelitis of the cervical spine, acute in nature, with partial collapse of 
the inferior aspect of the third cervical vertebra which healed within a 
month with new bone formation. Bishop (1939) had mentioned that verte- 
bral lesions in undulant fever were characterized by increased density of 
the involved vertebrz, preservation of the body contour and relatively 
minor changes in the intervertebral disc together with hypertrophic spur- 
ring. According to him there was little tendency to invasion of the para- 
vertebral tissues. 
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and smooth anteriorly. Heavy solid perivertebral calcification with large 
spurs was present, more pronounced anteriorly and to the left side. The 
heights of he second and third lumbar vertebrz were reduced by about half, 
while the fourth lumbar vertebra was only slightly decreased. Because of 
the irregular destruction and heavy bony reaction of the opposing surfaces of 
the second and third lumbar vertebra, they appeared flattened and broad- 
ened. In addition, lateral displacement due to change in alignment could 
be seen (Fig. 172). 

The occurrence of gummas within the spinal canal is rare. Such a case 
was reported by Ray (1940) in a forty-one-year-old male who presented a 
‘Ninieal cond:oine consistent with the diagnosis of a tumor af the cauda 
equina. At operation the nerve roots were slightly swollen and loosely 
stuck together by what appeared to be a low-grade inflammatory process. 
A yellowish-white tumor mass about 2 cm. in its widest diameter was en- 
countered. The tumor appeared to rise in one of the main roots on the left 
side, and was slightly adherent to the dura. Because of the general inflam- 
matory appearance of the region, a syphiloma or tuberculoma was suspected. 
The diagnosis of syphilis was confirmed by examination of a biopsy speci- 
men. His patient did quite well on anti-syphilitic treatment. 
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NeEvurRopaTuic Joints (Charcot’s Arthropathy) 


Included in this group are cases with changes in the spine usually sec- 
ondary to central nervous system syphilis. Rarely it may be observed in 
patients with diabetes, cauda equina tumors, spina bifida, traumatic para- 
plegia, transverse myelitis, and hematomyelia (Holland, 1952). The 
primary pathologic process occurring in a neuropathic joint is one of degen- 
eration and partial disappearance of the articular cartilages which are in- 
vaded by fibrous connective tissue from an inflammatory pannus of its 
surface. The zone of preliminary calcification becomes exposed by stripping 
away of the cartilage, beneath which further cartilage may proliferate and 
become converted into subchondral bone. This accounts for the sclerotic 
eburnated bone seen at the base of large defects in the articular cartilages. 
A generalized atrophy of the trabeculz of the cancellous bone is often seen. 
As a result of this combined degeneration of cartilage and proliferation of 
subchondral bone, osteophytes develop either as free bone fragments or as 
amorphous dense scattered conglomerates which appear to grow in a pur- 
poseless fashion. Such bony proliferation in the spine occurs first in the 
regions of the articular margins, resembling hypertrophic spondylosis. 
Associated with this are areas of degeneration of bone resulting in radio- 
lucent foci within malformed vertebral bodies. The appearance of bone 
atrophy and degeneration, together with the extensive Aone ion of prolif- 
erating bone both adjacent to the vertebral column and some distance from 
it is fairly characteristic of the Charcot joint. Associated with these changes 
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may be calcification in the adjacent soft tissues, particularly in the muscles 
and ligaments. 

The usual site of vertebral osteoarthropathy is the lumbar spine. Occa- 
sionally the dorsal vertebre or a single vertebra may be involved. The 
differential diagnosis between neuropathic osteoarthropathy and syphilitic 
osteoperiostitis of the spine on purely radiologic grounds may be difficult. 
The more frequent involvement of the cervical spine with syphilitic spon- 
dylitis, and the purposeless diffuse proliferation of bony growth into the 
soft tissues seen with Charcot’s disease may be of some help. Incidentally, 
the blood and cerebrospinal fluid Wassermann reactions may be normal in 
about half the cases. 

The cause for neuropathic disturbances in the joints 1s commonly ascribed 
to trauma, combined with analgesia and consequent loss of warning pain. 
In an analysis of 134 cases, with a total of 214 Charcot joints, Steindler, 
Williams, and Puig-Guri (1942) noted that in only 57 was there a definite 
picture of tabes. In discussing pathogenesis, Delano (1946) noted that the 
explanation of all neuropathic arthropathies was ascribed to a common 
origin of trophic disturbance. He regarded this as inadequate to explain 
the lavish and purposeless production of new bone around the involved 
joints which to him suggested that a profound disturbance of regional nutri- 
tion was taking place. In his report he describes a patient paralyzed from 
the waist down for fifteen years following a fracture of the first lumbar 
vertebra. Radiographic examination showed extensive irregular bony over- 
growth and osteosclerosis, consistent with joint neuropathy. 

The occurrence of other neuropathic joints in association with Charcot’s 
disease of the spine 1s well known. Such a case was recently described by 
Goodman (1949) in a sixty-four-year-old white male with tabetic neuro- 
syphilis in which the elbows, knees and hands were involved as well as the 
lumbar spine. Neuropathic joints associated with syringomyelia are re- 
ported most often in the upper extremities, but sometimes involve the lower 
extremities (Skall-Jensen, 1952). Involvement of the spine, if it occurs at 
all, is most unusual. I have not seen vertebral neuropathic disease caused 
by syringomyelia. 

The association of diabetes with neuropathic joints has come into con- 
siderable prominence lately. Knuttson (1951) reported 4 cases involving 
the joints of the lower extremities, but no involvement of the spine was 
mentioned. Four additional cases with osseous destruction of the fees were 
reported by Beidelman and Duncan (1952). No spinal involvement was 
noted by these authors. Zucker and Marder (1952) presented a case of 
Charcot spine due to diabetic neuropathy in a patient with severe pseudo- 
tabes. They believed this to be the first case of Charcot spine reported as 
a result of diabetic neuropathy. Extensive destruction and disorganization 
of the second, third and fourth lumbar vertebrz were present, together with 
considerable bone production within the area of the destroyed vertebrze. 
The etiologic and pathologic aspects of this patient were confirmed at 
necropsy. 

We observed a male patient forty-five years old with Charcot’s disease 
of the spine (Fig. 173) who presented dissolution of the superior half of the 
body of the second lumbar vertebra, so that the intervertebral space be- 
tween the first and second lumbar vertebrz appeared relatively widened. 
Large, heavy, dense bony bridges between the vertebre apparently were 
strong enough to keep them apart. Large amorphous calcific deposits were 
spread in the adjacent soft tissues for more than 3.5 cm. to either side as 
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pyorrhetic gums or the tonsils. ‘They assume pathogenicity upon entrance 
into the subcutaneous tissues after local trauma or other disease processes. 
The characteristic granulomatous lesions produce local swellings in the 
jaws, the so-called “lumpy jaw.” Abscess formation is accompanied later 
by sinus tracts discharging to the skin, and from this pus may be cultured 
the causative fungus, or the characteristic sulfur granules may be identified 
as yellowish-gray granular masses. 

Kaien cea: can then spread to other regions, particularly the chest 
and the gastrointestinal tract. Vertebral involvement may follow extension 
of the granulomas to the paravertebral soft tissues. Less often infected 
emboli rest in the medulla of a vertebra and set up an intraosseous granu- 
loma. When the outside tissues are infected extension to the periosteum 
and the cortex results in destruction of bone. A reparative effort is mani- 
fested by the appearance of bone sclerosis which may be quite intense at the 
margins of the infected bone. With extension of the disease numerous 
channel-like areas of destruction permeate the vertebra producing an ap- 
pearance variously described as “soap-bubble,” “honeycomb” or “lattice- 
like.” This may involve all or any part of the vertebra including the 
spinous and transverse processes. From this, infection extends to the 
adjacent ribs, visceral cavities or the skin with multiple sinus tracts. As 
a rule, multiple vertebre are diseased, but it 1s not uncommon in this 
relatively rare condition to observe involvement of a single vertebra, 
usually depending on the point of origin of the infection. The intervertebral 
discs as a rule are spared, and collapse of involved vertebre2 even when 
extensively diseased is uncommon, although occasional instances of angular 
deformities are known (Lubert, 1944). 

The symptoms of vertebral actinomycosis are inconstant and varied. 
Pain, tenderness, limitation of motion and nerve root pain are all dependent 
on the location of the disease and its spread to adjacent soft tissues. Prior 
to the advent of chemotherapeutic and antibiotic agents the prognosis was 
poor, but this has now changed for the better (Brett, 1951; Cope, 1951). 

Involvement of the spinal canal with actinomycosis is rare. Such a case 
with meningeal involvement and compression of the spinal cord was reported 
by Lamartine de Assis and Mignone (1946) in a fifty-two-year-old male with 
cutaneous and thoracic spine lesions. Necropsy disclosed purulent exudate 
in the tissues around the spinal column, and there was extensive thickening 
of the dura with spots of inflammatory exudate. The cord was intact, and 
was not actually involved. 

Blastomycosis (American blastomycosis; Gilchrist’s disease) is caused by 
infection with the fungus Blastomyces dermatitidis. The portal of entry 
is the skin, upon which small papulo-pustules form. These gradually en- 
large, become crusted over and form irregular, patchy papillomatous tumors 
which expand peripherally and heal centrally with a flat scar. This local 
form of blastomycosis is relatively benign. When systemic dissemination 
occurs there may be involvement of the lungs, the internal organs and the 
bones. Occasionally the primary focus is in the lungs, and the lesion may 
be mistaken for tuberculosis or bronchogenic carcinoma. 

Meyer and Gall (1935) mentioned 12 cases of blastomycosis of the spinal 
column in a review of mycotic diseases of the spine. In a review of 63 cases 
collected from the literature by Jones and Martin (1941), 25 instances of 
vertebral involvement were noted, and paravertebral abscesses were ob- 
served in 14. Colonna and Gucker (1944) observed that the bony manifesta- 
tions of blastomycosis suggested an ordinary osteomyelitis and presented no 
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characteristic features. Baylin and Wear (1953) indicated that spinal 
blastomycosis might simulate tuberculosis. 

Involvement of the spinal canal is rare. Craig, Dockerty and Harrington 
(1940) reported a case of an intravertebral and intrathoracic blastomycoma 
which simulated a dumbbell tumor. Another case with spinal cord involve- 
ment was reported by Greenwood and Voris (1950), with erosion of the 
pedicles of the sixth and seventh dorsal vertebrz and foci of destruction in 
the body of the eighth dorsal vertebra. 

Coccidiomycosis (“valley fever’’) is caused by infection with the fungus 
Oidium coccidioides (Coccidioides immitis). The portal of entry in most 
cases is the pulmonary tract, and the initial lesions resemble tuberculosis, 
with a clinical picture resembling an upper respiratory infection. Recovery 
from the primary infection usually takes place within a few weeks, leaving 
the patient hypersensitive to the organism. Re-infection endogenously or 
through the skin may introduce the secondary or granulomatous phase, and 
the disease enters a prolonged period of exacerbation and remission during 
which time metastatic involvement of the skeleton as well as the visceral 
organs may occur. The disease occurs more often in males, and only a 
small proportion of infected patients develop the granulomatous phase. 
Recotine to Benninghoven and Miller (1942) the lesion may exist in the 
spine as a single central focus, but most often multiple marginal vertebral 
ane take place because of extension to the bone from paravertebral 
abscesses. Miller and Birsner (1949) stated that in their series of 17 cases 
there was no bone involvement caused by extension from soft tissue ab- 
scesses or granulomas. The spine was involved in 6, most frequently the 
lumbar vertebrz. The lesion noted by them was predominantly lytic, with 
no involvement of the intervertebral discs. Some sclerosis was present, and 
they noted linear densities which they considered calcification in the para- 
vertebral soft tissues. Denenholtz and Cheney (1944) reported that in a 
case observed by them eight and one-half months after the onset of the 
disease there was destruction of the intervertebral disc between the tenth 
and eleventh dorsal vertebrae as well as osseous erosion. They suggested 
that differential diagnosis from tuberculosis might be quite difficult. 

Torulosis (Cryptococcosis; European blastomycosis) is a fungus infection 
due to the Torula histolytica (Cryptococcus hominis). The portal of entry 
is believed to be the upper respiratory tract from which there followed dis- 
seminated discrete lesions. In a summary of 10 cases from the literature, 
including 1 of their own, Carlton and Mount (1951) discussed the neuro- 
surgical aspects of torulosis. In their case a cauda equina tumor was 
simulated. A spinal tap disclosed cloudy fluid with a total protein of 4200 
milligrams per cent. The plain spine roentgenograms were normal. At 
operation a laminectomy from the first to fourth lumbar vertebrz disclosed 
a solid, firm, tenacious gray-white mass occypying almost the entire spinal 
canal from the upper portion of the first lumbar vertebra to the upper 
portion of the fourth lumbar vertebra. The arachnoid was thickened, and 
when this was opened, 2 to 3 cc. of purulent fluid exuded, from which the 
Crypotcoccus neoformans was recovered. Ley, Jacas and Oliveras (1951) 
recorded a case of torula granuloma of the cervical spinal cord in which the 

lain films showed widening of the spinal canal and erosion of the pedicles. 

his occurred in an eight-year-old child with quadriparesis. The true 
nature of the disease was not known until after histologic study showed the 
characteristic torula organisms. ‘The lesion seen at operation was an ex- 
tensive granuloma simulating a spinal cord tumor. 
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Bone involvement in cryptococcosis was discussed by Collins (1950) who 
mentioned that in over 200 reported cases 17 examples of bone involvement 
were encountered. In his first case a destructive lesion was present in the 
upper three lumbar vertebra, with cortical erosion and no osteoblastic 
reaction in the soft tissues. Abscess formation in the adjacent lumbar 
musculature was noted. In his second case, abscesses were present in the 
cervical lumbar and sacral regions with areas of bone destruction in the 
pedicle of the fourth lumbar vertebra. 
| It ‘ not possible to distinguish one fungus infection from another radio- 
ogically. 


TOXOPLASMOSIS 


This is a disease caused by toxoplasma, a protozoan organism of uncertain 
status, usually classed with the sporozoa. “This protozoan may infect many 
tissues, the central nervous system being often involved. It was first de- 
scribed as causing an encephalomyelitis in infants, giving rise to a syndrome 
of hydrocephalus accompanied by convulsive seizures, enlargement of the 
head: and increased intracranial pressure. Radiographic examination of the 
skull often shows calcifications in the cerebral hemispheres. In a report by 
Dyke, Wolf, Cowen, Paige and Caffey (1942) mentioned that in the verte- 
bral column the provisional zones of calcification in the superior and in- 
ferior margins of the vertebral bodies were exaggerated into heavy white 
borders. Internal to the heavy white lines were parallel linear zones of 
decreased density similar to the deep transverse zones of the ends of the 
shafts of the long bones. These authors considered the lesions as probably 
not specific for toxoplasmosis since they had been observed in several 
other infectious and nutritional disturbances. 
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PARASITIC INFESTATIONS OF THE SPINE 


Echinococcosis (Hydatid disease). —This condition results from the inges- 
tion of the ova of echinococcus granulosus. Infestation is usually incurred 
during childhood from contact with dogs or cats. Unless there 1s involve- 
ment of the brain or the orbit, symptoms do not develop until later in life 
when the slowly growing tumors make themselves apparent. Involvement 
of the spine with hydatid disease has been described by many authors. 
Bellini (1946) reported that bone involvement occurred in approximately 
1 per cent of cases. The six-hooked embryo reaches the bone by way of the 
arterial circulation, and establishes itself in highly vascularized areas such 
as the epiphyseal ends of long bones or the spongy bone of the vertebral 
bodies. Vertebral hydatosis shows no tendency to formation of cyst-like 
spaces, and for that reason the height of the vertebrz usually is not changed 
and the intervertebral cartilages remain undisturbed. Often calcification 
or replacement of the lamina by newly formed bone may take place. The 
contiguous ribs may be involved. Viterbo (1948) reported the occurrence 
of a large osteolytic bone defect in the right half of the body of the first 
lumbar vertebra, with no evidence of deformity or gibbus formation and 
normal intervertebral discs in a thirty-two-year-old woman with vertebral 
echinococcosis. Following immobilization, repair occurred, and re-examina- 
tion showed in addition a paravertebral mass containing calcification and 
sclerosis. Schlanger and Schlanger (1948) mentioned that echinococcosis 
infestation of the spine is relatively frequent. Although the x-ray signs are 
insignificant at the beginning of the disease, clinically it may produce 
alarming symptoms originated by extension and infiltration of the meninges 
by the cysts. Spinal blocks may occur early in the disease and may be 
demonstrated by myelographic examination. They mentioned that the 
initial stage may present a partially destructive area in a transverse process 
far below the area of myelographic block, together with small clear bubble- 
like areas of radiolucency of the adjacent vertebral bodies. If the disease 
continues, destruction increases and the bubble-like character of the bone 
lesion disappears, being replaced by a destructive process. Spontaneous or 
operative fistulas may appear and obscure the bone picture. A widening of 
the interpedicular spaces in a case of hydatid disease of the twelfth thoracic 
vertebra was described by Oosthuizen and Fainsinger (1949). In their case 
myelography also disclosed a local block. They noted a hollowing out of the 
posterior surface of the involved vertebral body and observed that the 
findings could not be distinguished from those produced by any other 
expanding lesion in a similar situation. 

in 4 of the 5 cases reported by Woodland (1949) there were symptoms of 
spinal cord pressure. The original site of the hydatid infection was the 
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upper lumbar spine in 3 and the midthoracic spine in 2._ No pathognomonic 
radiographic signs could be observed, but Woodland suggested that the 
absence of periosteal reaction minimal vertebral collapse and intervertebral 
disc narrowing slight sclerotic reaction with areas of destruction and in- 
volvement of contiguous ribs might be of some diagnostic aid. Rocca, 
Frano and Alayza (1950) reported a case of primary echinococcosis of the 
body of the sixth thoracic vertebra with cord compression and recovery 
after operation. 

The differential diagnosis of hydatid disease of the spine, particularly in 
the presence of central nervous system derangements, is quite difficult. 
Included in consideration must be tuberculosis, malignant disease, neuro- 
fibroma, hemangioma and large perineurial sacral cysts. Myelography 1s 
important in determining the extent of encroachment into the spinal canal, 
and surgical relief may become necessary. 

Schistosomiasis (Bilharziasis).—This condition is caused by any of three 
blood flukes. These may produce vesical or urinary symptoms (Gelietosoma 
hematobium), intestinal manifestations (Manson1), or may be of the oriental 
intestinal type (japonicum). The disease is due to contact with water 
contaminated with cercariz discharged by infested snails. The prima 
infection occurs through the skin with distribution by way of the bibod 
Infection of the vertebral column by this disease is rare, but a case was 
mentioned by Gama and Marques de Sa (1945) in a forty-two-year-old male 
who had pain in the back and paralpegia. A myelographic examination 
showed partial block at the level of the sixth dorsal vertebra and complete 
block at the level of the twelfth dorsal vertebra. At operation an intra- 
medullary granuloma containing eggs of Schistosoma mansoni was found. 

Cysticercus. —This follows ingestion of raw or partially cooked pork in- 
fected with Cysticercus cellulosa. Infection may also occur through inges- 
tion of contaminated water or food, particularly uncooked vegetables. The 
clinical aspects and diagnosis of spinal cysticercus was described by Bartschi- 
Rochaix and de la Cuadra (1946), who reported that the symptoms in their 
cases simulated intracranial or spinal disorders. In 1 case, a laminectomy 
from the third to the fifth thoracic segments showed spinal cysticercus in 
the excised tissue. A primary meningeal intracranial reaction was also 
associated in this case with a severe and widespread spinal arachnoiditis. 
The diagnosis of spinal arachnoiditis was made by the characteristic find- 
ings on spinal tap and myelography. The etiologic diagnosis was confirmed 
by microscopic examination of the material removed at operation. 
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PaGcet’s Disease (Osteitis Deformans) 


This disease was originally named osteitis deformans by Sir James Paget 
in 1806, because he believed that it represented a mild, progressive inflam- 
matory lesion of bone of an unusual nature. This etiology is no longer 
considered acceptable, and it is generally conceded that the origin of Paget’s 
disease is unknown. The histologic appearance of the affected bone was 
well described by Schmorl (1931, 1932), who stressed the so-called mosaic 
structures consisting of many irregular islands of newly-formed bone 
cemented together by heavily staining lines, indicating rapid absorption 
and still more extensive and hasty reformation of bone. These rapid 
sequences of bone resorption and regeneration eventually lead to a secondary 
medullary fibrosis. The pathologic appearance of involved vertebrz 1s 
quite variable. The cancellous tissue becomes thickened and whitish, 
compressing the marrow cavity. Progression of the disease is accompanied 
by softening of the bone and progressive deformity. The initial phases 
occur in small isolated foci consisting of thickened trabeculz. Productive 
changes follow the initial softening and the end result may, in isolated cases, 
be a so-called ivory vertebra in which the entire body assumes a dense, 
white appearance as seen radiologically. This appearance is not 1n accord 
with the actual density of the bone, which may be relatively soft and com- 
pressible, and entirely unlike ivory in its consistency. 

Paget’s disease may occur in a monosteitic form or as a diffuse disease. 
Its occurrence in a single vertebra was commented on by Schmorl, who 
accepted it as a variety of the condition. Barsony and Schulhof (1930) 
produced evidence to show that so-called ivory vertebrz were local mani- 
festations of Paget's disease. Much more common, however, is the appear- 
ance of Paget’s disease in many vertebre. Usually the lumbar spine and 
sacrum are involved to the greatest extent, the dorsal spine next in frequency, 
and the cervical spine is rarely involved. 

Compression of the spinal cord in Paget’s disease was reported by Wyllie 
(1923) in 4 cases. Colclough (1949) was able to collect a total of 27 cases 
up to 1948, and added 2 of his own. Nineteen had been operated upon with 
varying degrees of return of function. The point of exact block can be 
discovered by myelography. A case of Paget’s disease in which compression 
of the spinal cord was caused by hypertrophied laminal arches of the first, 
second, and third dorsal vertebre was reported by Teng, Gross, and New- 
man (1951). An unusual case of Paget’s disease affecting the first and second 
cervical vertebre with spinal cord compression was described by Whalley 
(1946) in a sixty-six-year-old man in whom there was a spontaneous forward 
dislocation of the head on the cervical spine. Roentgenograms showed 
massive new bone formation, fusion of the vertebrz, kyphosis, and disloca- 
tion of the head, with narrowing of the spinal canal. At necropsy there was 
encroachment of the bony overgrowth on the spinal canal and its contents. 
Dickson, Camp and Ghormley (1945) mentioned that in their series there 
was evidence of compression of the cord following pathologic fracture of the 
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may be relatively common. Deformity of the intervertebral discs is no more 
common in patients with Paget’s disease than 1s observed in the similar 
age groups. However, infrequently one may observe a loss of density of a 
vertebral body with encroachment of the intervertebral fibrocartilage into 
the involved vertebra with a consequent loss of the height of that vertebral 
body. In 1 of our cases the intervertebral space between the fourth and 
fifth lumbar vertebrz practically disappeared into the degenerated softened 
inferior aspect of the fourth lumbar vertebra. 

Snapper (1951) mentioned that in patients over forty years of age, with 
hypertrophic changes in the spine, Paget’s disease starts in the osteophytic 
proliferations and then gradually spreads to the vertebral bodies. 

One may sometimes encounter difficulty in evaluating the status of a 
atient suspected of Paget’s disease purely from the spinal roentgenograms. 
n such cases investigation of the other bones, and particularly of the pelvis 

and skull, may prove of great importance. 
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RADIATION EFFECTS 


The effect of intensive x-ray irradiation on the vertebral column has been 
known for a long time (Desjardins, 1930; Warren, 1943). Smithers, Clark- 
son and Strong (1943) reported radiation myelitis in a patient who received 
a depth dose of 5800 r in thirty-nine days for carcinoma of the esophagus. 
The lesion developed fifteen months later, presenting a Brown-Séquard 
syndrome which they considered to be due to intramedullary gliosis. 
Radiation myelitis of the brain stem was reported by Boden (1948) as 
occurring in 5 fatal and 5 nonfatal cases in a series of 161 patients who had 
received x-ray therapy for malignant tumors of the nose, mouth, larynx 
or cervical lymph nodes, the myelitis appearing in the cervical spinal 
cord. A long time interval occurred between the appearance of symptoms 
and the cessation of treatment. Initial symptoms were numbness and 
tingling of the hands and feet, precipitated by flexion or extension of the 
neck, and often associated with shoulder or neck pain. In a few cases 
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the symptoms were transient, disappearing in from three to nine months. 
In the others parasthesias were followed by weakness or spastic paralysis 
of one or more extremities, and later bowel or bladder dysfunction. In 
the fatal cases there was intercostal paralysis and death from broncho- 
pneumonia or urinary tract infection. Greenfield and Stark (1948) also re- 

orted on post-irradiation neuropathy in 3 cases where neurologic disa- 
Bility followed intensive million-volt x-ray therapy to the retroperitoneal 
region. In each case a flaccid paralysis appeared, and the chief site of 
injury was believed to be the anterior horn cells in the lumbosacral seg- 
ments of the cord. No histologic material was available. These authors 
calculated the doses to be from 5000 to 6000 r, delivered to the retroperi- 
toneal areas for nodes from primary testicular tumors. The x-ray exami- 
nation and myelograms of these patients were all within normal limits. 
Seven cases of fatal damage to the besinsem after x-ray therapy for malig- 
nant tumors of the middle ear, pharynx or parotid gland were reported by 
Boden (1950) who concluded that the limited tolerance of the central 
nervous system was from 3500 to 4500 r, depending on the size of the field 
used. The x-rays affected primarily the blood vessels rather than the 
neurones, and the eventual neurologic lesions resulted from impaired cir- 
culation. Radiologic examination in these people showed no evidence of 
bone change. 

Radiographic evidence of destruction of bone following x-ray therapy 
was reported by Spitz and Higginbotham (1951) in a forty-six-year-old man 
who a an osteogenic sarcoma following irradiation for testicular 
seminoma. Roentgenograms of this patient showed destruction of the 
laminz of the third, fourth and fifth lumbar vertebrz with calcific flecks in 
the soft tissues, and distinct bulging of the mght psoas shadow. Extra- 
skeletal osteogenic sarcoma arising in irradiated tissue was also reported by 
Auerbach, Friedman, Weiss and Amory (1951) in a case of testicular tumor 
following intensive treatment. Necropsy revealed postradiation effects 
and a huge osteogenic sarcoma of the nght lumbar muscles, with invasion 
of adjacent vertebrz and ribs, and lung and lymphatic metastases. Four 
years had intervened between x-ray therapy and the clinical onset of the 
malignant disease. The roentgenograms showed a calcific mass in the soft 
tissues, not connected with bone or skin. 

Retardation of bone growth, with deformity of muscular bony architec- 
ture, atrophy, and scarring of the skin and fibrosis of subcutaneous tissues 
were reported by Murphy and Berens (1952) as a late sequela following 
heavy irradiation in children. These authors commented that changes 
usually cannot be avoided if a clinical cure 1s to be attained. In a detailed 
report on the irradiation effects of roentgen therapy on the growing spine 
Neuhauser, Wittenborg, Berman and Cohen (1952) described 45 patients 
who had had x-ray therapy over the spine, together with postmortem 
examinations of 11 of these. These authors suggested, as a preliminary 
guide, that dosages under 1000 tissue roentgens usually fails to produce 
a gross permanent defect in a growing child, irrespective of the age at 
which treatment is given. Children over two years of age may tolerate 
between 1000 and 2000 r delivered to the spine, with only minor growth 
disturbances, but dosages in excess of 2000 r, irrespective of age, will prob- 
ably produce growth disturbances. In their series these were associated 
with gross abnormality in the contour of the vertebrae. Scoliosis was 
rarely produced if the spine was uniformly irradiated. The significant 
changes in the eleven post-mortem examinations were nonspecific growth 
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retardation and irregularity of ossification of the epiphyseal cartilage. These 
changes may lead to an irregular advance of the line of ossification, but no 
alterations of osseous contour were described. Benign cartilaginous exos- 
toses of the types seen in multiple and familial form appear to arise with great- 
er frequency in bones where epiphyses had been irradiated than in the normal 
population. Their findings were much the same as those described by 
Arkin and Simon (1950) in their experimental study of the production of 
scoliosis by irradiation in which vertebral epiphyseal growth was suppressed 
by irradiating the vertebral bodies asymmetrically. Whitehouse and Lampi 
(1953) followed 4 patients who had been treated for renal tumors in infancy 
and childhood for ten years, and described vertebral damage which they 
associated with dosage factors. 

The effects of ingestion of radium were described by Stevens (1942) in a 
thirty-six-year-old man who in 1926 was described as having Hodgkin’s 
disease and as a heroic measure had been given seven injections of radium 
chloride intravenously. The first injection was 20 micrograms, followed by 
6 injections of 50 micrograms in 1926, 4 injections in 1927 and 1 each in 
1929 and 1930. In this case radiation necrosis of the jaw, with sequestra- 
tion of bone containing radium, followed. Destructive changes appeared in 
the dorsal vertebre before the mandibular destruction became apparent. 

The histology of irradiation sarcoma does not differ from spontaneous 
osteogenic sarcoma. The tumors are essentially of the pleomorphic spindle 
cell variety. In many giant cells are prominent, and cartilaginous and myx- 
omatous changes are not uncommon (Jones, 1953). 

It has long been known that even though the brain and spinal cord were 
relatively resistant to the effects of irradiation, dosage of sufficient quantity 
could result in damage. Radiation myelitis has been reported in patients 
who have been subjected to supervoltage treatment for various malignant 
lesions in which the spinal cord had been included in the field. It has been 
estimated that doses beyond the 5,000 r range are more likely to be followed 
by a radiation reaction. The damage produced by the roentgen rays affects 
mainly the vascular structures in the spinal cord, resulting in occlusion 
because of vascular thickening with enlargement and swelling of the endo- 
thelial cells followed by a fibroblastic reaction. The symptoms of radiation 
myelitis appear slowly, the time interval varying from about seven months 
to well over three years. According to Dynes and Smedal the average 
interval between completion of treatment and the development of myelitis 
is well over 23 months. The symptoms are those of any other type of 
myelitis, with paresthesias, sensory levels and evidences of long tract 1n- 
volvement of both the motor and sensory pathways. In some patients 
the symptoms may be transitory and then vanish, but where the damage 
has been more extensive the final result, depending on the location and 
extent of the changes, may be paraplegia or quadriplegia. 
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FLUORIDE POISONING 


This condition has been described in individuals who have been in contact 
with various forms of fluorides, such as cryolite miners as described by 
Moller and Gudjonsson (1932) who reported widespread osteophitic forma- 
tions at the attachments of ligaments, tendons and periosteum together 
with widespread osteosclerosis. Cryolite is the double fluoride of sodium 
and aluminum, containing as much as 54 per cent of fluorine. Bone changes 
in chronic fluorine intoxication were reported by Bishop (1936) in a laborer 
who for 18 years had been exposed to the dust of fertilizer made by crushing 
a phosphate rock which had a high fluorine content. Sclerosis of the entire 
skeleton except the skull was noted, with marked increase in density of the 
bones, together with vertebral osteophytes and calcifications of the attach- 
ments of some of the ligaments. In a chemical analysis of the bone in 
Bishop’s case, Wolff and Kerr (1938) found an increase in fluorine content 
up to 20 times that of normal. The fluorine content was highest in the 
vertebra and in the long bones, and had been deposited as calcium or 
magnesium fluoride. Wilkie (1940) reported 2 cases of fluorine osteosclerosis 
which occurred secondary to exposure to hydrofluoric acid fumes over a 
long period of time. 

A much more common form of exposure is that secondary to the con- 
sumption of drinking water of high fluorine or fluoride content, such as may 
an in North Africa, India or Argentina. The literature on this was cited 

Greenwood (1940), who reported fluoride osteosclerosis in such patients. 

The effect of drinking contaminated water was graphically described by 
Kilborn, Outerbridge and Lei (1950). This happened in a Chinese village 
in which the inhabitants drank water contaminated by fluorine, and con- 
sequently developed fluorosis. Pigs, which shared the human water supply, 
were also affected, but other animals which used pond water containing no 
fluorine escaped. These authors described the skeleton of an affected male 
who died at the age of thirty-seven and whose skeleton was available for 
study one year later. All the bones were markedly thickened, porous, rough 
and brittle. ‘There was complete ossification of the intervertebral dises 
with fusion of the vertebrz2 making the spine one long rigid bone. Chemical 
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study showed about 20 times the normal fluorine content for many of the 
bones with an even higher ratio for the teeth. Roentgenograms showed 
increase density, thickened, trabecule and narrowing of the marrow cav- 
ities. 

In a report on the roentgenographic changes and urinary fluoride ex- 
cretion among workmen engaged in the manufacture of inorganic fluorides 
Largent, Bovart and Heyroth (1951) mentioned that 22 cases had been 
reported in the American literature, including 6 in their paper. There 
appeared to be a correlation between the level of fluoride excretion in the 
urine and the presence or absence of changes in the bone density. These 
authors concurred with other observers in that the increased density of 
bone is particularly prominent in the vertebral column, but they noted that 
in their cases little or no hypertrophic changes existed. This observation 
was in accord with that made by Linsman and McMurray (1943) who had 
also reported a case of fluoride osteosclerosis from drinking water in which 
necropsy showed no evidence of osteophyte formation. 
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Leap PoIsoNING 

The lead line associated with ingestion of lead in growing children 1s well 
known. However such changes do not as a rule appear in the vertebra, 
and in a review of 10 cases of lead poisoning in our own series the roentgeno- 
grams of the spine were normal even when the epiphyseal lines of the long 
bones showed dense lead lines. 


Chapter 
oO 


Neoplasms of the Vertebral Column 


Neoprastic MeEtTAstatTic DISEASE 


The most common of the tumorous disorders of the vertebral column are 
metastatic neoplasms. Involvement usually occurs by extension through 
the blood stream, either the systemic circulation or through the venous 
vertebral plexus. Direct spread of a tumor originating in close proximity 
to the spine also may be observed. Invasion of tumor into regional lymph 
nodes 1s believed to occur by embolization through the lymphatics to the 
affected glands. The question as to whether lymphatic drainage is a wholly 
acceptable route for metastases to the vertebral column is discussed by 
Willis (1952). According to him lymphatics have not been demonstrated 
in the bone marrow, and cancerous permeation of the lymphatics in the 
deep fascia, periosteum and soft tissues adjacent to affected bones is rarely 
present. As a result of his own work and a review of the literature, Willis 
concluded that the association of lymph node metastatic deposits and 
metastases to adjacent bones was purely coincidental, and that the hypo- 
thesis of lymphatic entry of neoplastic metastases into bone should be 
abandoned. ‘The role of the spinal plexus of veins in the spread of neoplasms 
to the vertebral column is best exemplified by metastases from prostatic 
carcinoma. Batson’s work on the passage of radiopaque material into 
this system from the prostatic plexus has been mentioned in the first 
chapter. Willis, however, commented that while this may be one route for 
the spread of metastatic emboli, there was no reason to believe that remote 
metastases did not follow the usual hematogenous route. He went on to 
say, moreover, that freedom of the lungs from visible metastases in cases 
with bone extension is not paradoxical at all, and quoted the reports of 
Schmidt (1903) and other workers that microscopic study of the lungs in 
such cases shows the paradox to be illusory. 

Direct extension oF malignant neoplasms into the vertebral column is 
rather infrequent. The periosteum and cartilage maintain an effectual 
barrier against the penetration of tumors into the spine. When this barrier 
is disrupted by infection, however, neoplastic invasion of bone through the 
destroyed periosteum may readily occur. 

Metastatic invasion of the vertebral bodies mainly occurs by the hematog- 
enous route. As with other bones, the red marrow 1s almost always affected 
first. The tumor cells encroach into the spaces surrounding the bony 
trabeculz, and later extend towards and destroy the cortex. As a rule, the 
periosteum of the vertebral bodies confine the tumor so long as it remains 
intact. If, however, there is periosteal destruction by local pressure, the 
tumors may extend beyond their confines and bulge into the adjacent 
tissues in much the same way as a paravertebral inflammatory process. 
As a rule, such neoplastic extension is less prominent than observed either 
with tuberculosis or pyogenic infectious. 
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MYELOMA 


Myelomas are fairly common tumors which arise from a single cell type 
in the bone marrow. Depending upon the predominant type of marrow cell 
involved, four main varieties are recognized —the plasma cell myeloma, 
myelocytic myeloma, erythroblastic myeloma and lymphocytic myeloma. 
The plasma cell myeloma is the type generally encountered. ‘This classifi- 
cation is of greater pathologic than clinical significance, inasmuch as the 
gross pathologic changes and clinical course are practically identical in all. 

In the primary stage of the disease involvement is chiefly in the distribu- 
tion of the red bone marrow. Later, the viscera such as the liver, spleen, 
kidneys, lymph nodes and occasionally the lungs may be affected. The 
bones most frequently involved are the spine, the ribs, the pelvis, the skull 
and the long bones approximately in the order named. 

The usual clinical picture is one in which pain predominates. The 
initial complaints are often referred to the back or the chest, and may be 
mild until exaggerated by a pathologic fracture following mild trauma. 
Occasionally the initial complaints are produced by extension of the tumor 
into the adjacent soft tissues producing neuritic, pleural or abdominal pain. 
Other fairly common complaints are progressive weakness and anemia. In 
the late stages of the disease various manifestations of visceral disturbances 
may occur. These involve the gastrointestinal, the genitourinary and 
particularly the nervous system. Neurological complications are due to 
pressure on the neural structures or their blood supplies. This results from 
tumor perforation of the vertebra and impingement on the spinal canal or 
the peripheral nerves, or by compression of the spinal cord or nerve roots 
by fractured vertebre. Primary epidural myeloma unaccompanied by bony 
disease is relatively rare, and usually presents the clinical and myelographic 
appearances of an intraspinal tumor. More often the myelomatous osseous 
destruction produces rarefaction of one or more vertebra, including the 
pedicles and neural arches, and the initial complaints are referable to the 
bony changes. With collapse of bone and extension of the myeloma into 
the spinal canal pressure on the cord and cauda equina are followed by the 
usual sequelz. Dccacionally a peripheral neuritis of unknown pathogenesis 
occurs with multiple myeloma. 

A clue to the diagnosis can be obtained from blood chemistry and electro- 
phoretic studies, the chief changes encountered being hyperproteinemia with 
reversal of the albumin-globulin ratio. However, in this regard one should 
keep in mind that similiar changes may occur in a wide variety of diseases 
ue as cirrhosis of the liver, chronic nephritis, osteoporosis secondary to 

nee myxedema, carcinomatosis and other rarer complaints. 

he peripheral blood count as a rule is not abnormal. Extremely important 
evidence for the existence of myeloma can be obtained by examinaticn of 
the bone marrow. 

When a considerable degree of osteoporosis accompanies myeloma, dis- 
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turbances in the blood calcium and phosphorus content appear without 
depression of the blood phosphorus, and with normal serum alkaline 
phosphatase content. 

Discussion has arisen as to whether myeloma may exist as a single 
isolated lesion. Cutler, Buschke and Cantril (1936) referred to two types 
of solitary myeloma, one in which the lesion was first solitary and later 
became generalized, and a second type in which the lesion was completely 
benign in nature, remaining localized throughout its entire course. From 
a review of the literature, Raven and Willis (1949) concluded that there were 
18 acceptable cases of solitary plasmacytoma of the spine. This occurred 
more often in males. Two forms were described, one with a marked de- 
struction of bone, the process being well demarcated and sharply defined, 
while the second was accompanied by a cystic and trabeculated appearance 
of bone, with irregular and thickened trabecule situated in the medulla 
and expanding the cortex. 

Paul and Pohle (1940) believed that solitary myeloma of bone occurred 
as an unusual, but not rare disease. In a review of 45 cases, they described 
two forms, one simulating a giant cell tumor, the other an osteolytic type 
more frequently seen in the spine, and usually limited to a single 
vertebra. In some cases contiguous segments were affected. No prolif- 
erative bone changes were noted. The affected vertebral bodies frequently 
were flattened or presented lateral or anterior wedging and in some in- 
stances the vertebra practically vanished. The presence of paravertebral 
soft tissue masses in connection with multiple myeloma simulating ab- 
scesses was mentioned, and these authors believed that spinal myeloma 
might be confused with tuberculosis, particularly if the paravertebral soft 
tissue shadow was seen. In a review of 61 cases of solitary myeloma, the 
disease was found most often in the spine (Gootnick, 1945). 

Christopherson and Miller (1950) also considered solitary plasma cell 
myeloma of bone a well-established entity, but believed it to be unrelated 
to multiple myeloma. They made a critical review of 94 cases recorded in 
the literature between 1897 and 1949, and presented 3 of their own. The 
lesions were considered solitary only if they had been followed for at least 
three years without dissemination, or if a necropsy had been performed 
and only a single lesion found. The vertebre was found to be the most 
common site; the femurs and pelvis next in frequency. These authors 
mentioned two radiologic types, one similar to giant cell tumor, and the 
second purely destructive. In their opinion the lesion was histologically 
similar to plasma cell myeloma, but eke more like a granuloma. The 
over-all picture was obscured by the large number of cases reported as 
solitary myelomas which later proved to be common multiple myeloma. 

On the other hand, the opinion has been expressed that the so-called 
solitary myeloma was only expression of the early stage of the disease, 
originating in a single focus. Toth and Wintermantel (1943) reported a 
case originating in the pubic bone with subsequent generalization, and com- 
mented that the seemingly solitary myeloma was not in itself a specific 
condition. Aegerter and Robbins (1947), and Bayrd and Heck (1947), be- 
lieved all myelomas to be multiple in nature, even though only a single bone 
might be involved initially and for a longtime. White and a ee (1950) 
also believed that the solitary form of myeloma was extremely rare and 
may be merely an early manifestation. Dalgaard and Dalgaard (1952) 
reported 3 lesions which first occurred in the vertebral bodies, but terminally 
other bones and organs were involved. 
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each of which the diagnosis of giant cell tumor had been made. These 
patients had very little aside from a mild pain in the upper lumbar region. 
In 1 case followed over a two-year period, the true nature of the lesion 
manifested itself when the involved third lumbar vertebral body practically 
disappeared leaving a space equal to the height of the vertebral body plus 
the intervertebral disc above and beneath. In addition to the disappearance 
of this vertebra, the fifth lumbar vertebra practically vanished, leaving in 
its site only a thin, faint calcific shadow. 

In another instance which came to necropsy the original lesion presented 
itself as a ballooning of the right half of the body of the third lumbar verte- 
bra with decalcification of the right half of the body. Under subsequent 
observation, and as confirmed at necropsy three years later, the involved 
vertebral body was moderately demineralized. Associated with this was a 
tremendous mass projecting into the right side of the abdomen extending 
from the twelfth dorsal vertebra to the upper sacrum. Interspersed in this 
mass was a web-like amorphous calcification. At necropsy this was found 
to be myelomatous tissue, and extensive myeloma was found elsewhere in 
the body. 

Osteosclerosis in myeloma is rare. Kohler and Laur (1950) cited 4 such 
instances among 179 cases in the literature and added 1 of their own. Engles, 
Smith and Krantz (1960) reported three more. 
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whether x-ray or surgical or both. They mentioned that neurological com- 
plications were frequent and disturbing. In 14 cases studied at necropsy, 
vertebral metastases were encountered in 4, and in 74 cases vertebral 
metastases were suspected on clinical grounds in 21. In 3 cases pathologic 
fractures of the vertebra were observed. In 3 cases the site of the primary 
lesion was in the sacrum, and none were noted primarily in the spine. 

In our own material there were 2 verified cases of spinal Ewing’s tumor. 
In the first, a ten-year-old boy, the eighth thoracic vertebra had a lytic 
lesion involving the left lateral aspect of the body. Adjacent thereto a 
large soft tissue swelling could be demonstrated: he neoplastic nature of 
the lesion was evident, but the ultimate diagnosis was male from material 
obtained at biopsy. The initial complaint was girdle pain at the level of 
the seventh rib, which had been present intermittently for about a year but 
had become rapidly progressive for a few days before admission to the 
hospital. Other neurologic signs included increased reflexes in the lower 
extremities, loss of bladder control and progressive weakness which pro- 
gressed to a complete paraplegia at admission. At laminectomy it was 
noted that tumor tissue had extended into the left side of the spinal canal 
epidurally from the sixth to the eighth thoracic vertebra, deviating the 
cord towards the right. 

The second case was a twenty-three-year-old woman who had pain in 
the back following a fall, with numbness in the left buttock and pain 
radiating to the left posterior thigh. This patient had had a swelling over 
the right second metatarsal bone for thirteen years. Myelography disclosed 
a displacement of the pantopaque column from right to left at the level of 
the fifth lumbar vertebra. ‘The caudal sac assumed a sharp tapered appear- 
ance, which has been associated with epidural metastases. At laminectomy 
a tense reddish mass deflecting the cord from the fourth lumbar vertebra 
downward towards the right was noted. This mass was entirely extradural 
and was well encapsulated. Biopsy showed the structure of this tumor to 
be endothelial myeloma. .Y-ray examination of the hand showed a destruc- 
tive lesion involving the shaft of the second metatarsal bone consistent with 
the diagnosis of a Ewing’s tumor. This patient did quite well for about three 
years following operation with x-ray therapy both to the spine and to the 
hand, with regeneration of the bone of the hand. 

Interestingly enough, the plain roentgenograms of the spine before myelog- 
raphy were normal and reinspection of the films after operation failed to 
disclose any evidence of bony destruction. It is postulated that the tumor 
spread to the epidural space by means of the vertebral plexus of veins from 
a site too small to be identified radiologically. 
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Reticulum Cell Sarcoma of Bone.—These are malignant growths which 
usually occur in early life and may run a fairly long course. As encountered in 
bone, the lesion 1s much the same as reticulum cell sarcomas elsewhere in 
the body. According to Coley, Higgenbotham and Groesbeck (1950) the 
tumor as encountered at operation is characteristically soft, friable, glisten- 
ing and fleshy with frequent areas of necrosis. Its consistency may vary 
from a soft mass to one of rubbery density. The lesion is primarily destruc- 
tive in nature, and occasionally bony reparative changes may be visible. 
A characteristic feature of the growth is said to be an ill-defined boundary 
with extension of the tumor into the adjacent soft tissues. However, it 1s 
usually necessary to resort to biopsy for diagnosis. 

The exact nature of these growths is important from the viewpoint of 
management of the patient. Reticulum cell sarcoma of bone is quite radio- 
sensitive and may even be radiocurable. 

A case of reticulum cell sarcoma of bone originating in the vertebral 
column was reported by Edwards (1940). Sherman and Snyder (1947) en- 
countered 2 such cases 1n a series of 17 patients, 1 involving che fifth cervical 
and 1 the fifth lumbar segment. In both cases the lesions involved pri- 
marily the vertebral body and were primarily destructive in nature, with 
pathological fractures of the seiebeal body involved. 

Coley, Higgenbotham and Groesbeck (1950) reported 2 cases which 
originated in the lumbar vertebrz, and also mentioned that reticulum cell 
sarcomas originating elsewhere in the body may metastasize to the spine, 
as occurred in 2 of their other cases. In their report of a series of 17 verified 
cases, they mentioned 1 in which the tumor involving the body, pedicles, 
laminz and transverse processes of the fifth lumbar vertebra Ealgked after 
roentgen treatment. This patient was well three years afterward. In a 
review of 25 cases of primary reticulum cell sarcoma of bone, MacCormack, 
Ivins, Dahlen and Johnson (1952) found 1 case originating in the seventh 
thoracic vertebra. 
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SPINAL LYMPHOMAS 


It was formerly believed that lymphogranulomas spread only through the 
lymphatic system. At present, their spread through the reticulo-endothelial 
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SARCOMAS OF THE VERTEBRAL COLUMN 


Osteogenic sarcoma arises from the primitive bone-forming mesenchyme. 
According to Lichtenstein (1952) the proliferating connective tissue in an 
osteogenic sarcoma 1s often quite anaplastic, and produces both tumor 
osteoid and bone tissue directly. Occasionally the proliferating connective 
tissue may develop cartilage which rapidly undergoes further differentiation 
into bone. Osteogenic sarcomas appear more often in males, and usually 
appear in adolescent and early adult life. However, cases may be encoun- 
tered in adults, some of whom have Paget’s disease. While the usual sites 
of origin are in the long bones, particularly in the vicinity of the knee and 
shoulder, such tumors also arise in the pelvis or in the spine. It is believed 
that osteogenic sarcomas first appear in the cancellous bone tissue, and 
gradually erode their way through the cortex of the bone, perforating the 
periosteum and expanding into the adjacent soft tissues. It is during this 
stage that the destruction of bone becomes visible roentgenologically and 
elevation of the periosteum may be demonstrated. 

In some cases the bone forming tendencies of the tumor manifest them- 
selves by calcifications in the depths of the tumor. However, as the tumor 
expands into the adjacent soft tissues foci of bone formation can be demon- 
strated in the periphery of the tumor as well as in its center. Extension of 
the tumor through articular cartilage is rare. Lichtenstein stated that the 
histologic pattern of osteogenic sarcoma is very variable, and based his 
diagnosis on the presence of a frankly sarcomatous stroma and the direct 
formation of tumor osteoid and bone by this malignant connective tissue. 

In addition to the bone forming propensities of osteogenic sarcoma one 
occasionally encounters such a tumor which is predominantly lytic. In 
these cases the tumors are characterized by the coexistence of necrotic 
softening and hemorrhage with little or no evidence of tumor osteoid or 
pathologic bone formation. Roentgenologically these tumors may be ex- 
tremely difficult to identify and the lytic sarcomatous nature of the disease 
may require histologic examination for its identification. 

The occurrence of osteogenic sarcoma in the vertebral column is quite in- 
frequent. Geschickter and Copeland (1949) identified 187 cases of sclerosing 
osteogenic sarcoma from a total of 750 osteogenic sarcomas. In this group 
the favorite site of origin was in the metaphyses of the long bones just 
adjacent to the epiphyseal lines. They mentioned that only a few isolated 
cases occurred in the ribs and vertebra, the pelvis, and about the skeletal 
trunk. In reviewing their Table 17, 1 case of sclerosing osteogenic sarcoma 
of the sacrum is noted in the 109 cases listed. In Table 18, also headed as 
osteogenic sclerosing sarcoma, 1 case involving the second and third lumbar 
vertebrz was noted out of a total of 78 cases. Under a heading of osteogenic 
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The incidence of hemangio-endotheliomas in the spine must be infrequent. 
I have been unable to find any specific reference to this tumor as involving 
the vertebrz except for mention by Brailsford who included the vertebre 
among the sites of origin. 
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CHORDOMAS 


These relatively infrequent, slowly growing malignant tumors occur 
mostly at the eeohalic and caudal ends of the vertebral column, and orig- 
inate from remnants of the notochord. It has been shown by Horowitz 
(1941) in a study of 50 human embryos and fetuses, that the topographic 
distribution of heterotopic chordal vestiges correspond closely to the sites 
of occurrence of chordomas. Before him, Schmorl (1928) had demonstrated 
chordal remnants in 9 adult cadavers in dissection of over 3000 human verte- 
bral columns. In 6 of these the chordal remnants were placed posteriorly, 
in 2 centrally, and in 1 instance laterally in the vertebral bodies. While 
these tumors occurred most frequently in the upper and lower ends of the 
spinal column, particularly in the region of the clivus Blumenbachii and the 
sacral-coccygeal region, they also were found in the cervical, thoracic and 
lumbar spine. They apparently never originate in the intervertebral discs. 

In a study of 59 cases by Dahlin and MacCarty (1952) 15 chordomas 
were found in the vicinity of the clivus Blumenbachn, and 32 1n the vicinity 
of the sacrum. Of the remainder, 9 occurred in the cervical region, 2 in the 
fourth lumbar vertebra and 1 in the eleventh thoracic vertebra. 

Wood and Himadi (1950) in a report of 16 cases, encountered 7 in the 
clivus, 1 in the nasopharynx, 5 in the vertebra, and 3 in the sacrococcygeal 
region. A review of the literature by Faust, Gilmore and Mudgett (1944) 
disclosed 252 cases. Of these 92 were cranial, including the spheno-occipital 
and nasopharyngeal regions, 34 were vertebral in location and 122 were 
caudal or sacrococcygeal in location. Four were mentioned as occurring in 
the other regions. Littman (1953) summarized the literature on sacro- 
coccygeal chordoma and gathered 168 known cases in patients varying in 
age from infancy to over eighty years. 

These growths are usually rounded or lobulated masses of soft gelatinous 
tissue containing areas of cystic degeneration, necrosis, hemorrhage and 
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tumors originating low in the lumbar spine, a clinical picture highly sug- 
gestive of a protruded nucleus pulposus may be encountered, while in tumors 
originating higher in the vertebral column the tumors produce a clinical 
syndrome of spinal cord compression. Some chordomas simulate benign 

extradural growths or a destructive lesion of the vertebral body. If the 
vertebral body alone is involved, the roentgenograms show a rounded 
cavity, or there may be a mottled appearance. Inthe more advanced tumors 
there is a tendency towards collapse of the vertebral body. Richards and 
King (1940) reported a fifty-two-year-old male with a chordoma apparently 
arising in the third lumbar vertebra. Serial studies showed progressive 
destruction over a five-year period, starting with a decalcified vertebral 
body and discoid intervertebral discs above and beneath the lesion. The 
tumor advanced until there was complete collapse of the vertebral body, 
marked decalcification of the adjacent vertebrz and distortion of the inter- 
posed intervertebral discs. They noted that the amount of nerve involve- 
ment in this case was minimal for the size and location of the tumor. In 
the case reported by Robbins (1945), a forty-one-year-old man who died 
nine days after laparotomy, a large mass adherent to many abdominal 
organs was found. Microscopically the mass showed the two constant 
features of chordoma, an abundant mucous matrix and large physaliferous 
cells. Morris and Rabinovitch (1947) reported a chordoma in a twenty- 
seven-year-old woman with initial signs and symptoms of a protruded lower 
lumbar intervertebral disc. Myelography disclosed a block at this area. 
At operation an extradural mass was observed opposite the lumbosacral 
disc which could be followed into the body of the fifth lumbar vertebra. 

Wood and Himadi (1950) described 5 cases of chordoma which involved 
the vertebral column. They noted that two or more adjacent vertebre 
were involved in these cases, the tumor extending from the segment of 
origin to an adjoining vertebra by growth through the intervening interver- 
tebral disc in each case. Bone destruction was a prominent feature, the 
final stages being compression fractures. In 2 cases osteoblastic reactions 
were observed, and expansion of a vertebral body extending into its trans- 
verse processes was seen in 1 case. In 2 cases myelographic examination 
showed complete obstruction. The pantopaque column tapered gradually 
to the point of obstruction in a manner usually seen with an epidural mass 
compressing the dural sac. 

Poppen and King (1952) in a report on 6 cases of spinal chordoma, ob- 
served 3 in the lumbar or sacral regions. In all of these the tumors were 
extensive, and the spinal cord, the cauda equina and the nerve roots were 
compressed by extradural masses. At times the dura had been penetrated 
and intradural extension was marked. They believed that bone involve- 
ment occurred early in the course of the disease, and that the tumors spread 
widely in the intervertebral bodies and laminze before they encroached on 
the cord. The tumor displayed an embryonal facility for easy penetration 
of the bone, the dura and nervous tissue. Of their 6 cases, 3 of which oc- 
curred in the cervical region, the diagnosis was not made preoperatively. 
All were thought to have metastatic malignancy. Gentil and Coley (1948) 
mentioned that in an analysis of reported case showed a correct x-ray 
diagnosis had been made in bat 10 per cent of cases. 

Chordomas in the thoracic region are rare. An interesting case was de- 
scribed by Hansson (1941) in a forty-five-year-old man with a level of 
hyperaesthesia at the level of the sixth and seventh dorsal segments. X-ray 
examination showed destruction of the neural arches, and operation re- 
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Vertebral chordomas occurring in the thoracic or lumbar vertebrz usually 
produce bone destruction which cannot be differentiated accurately from 
other forms of destruction of a neoplastic nature. These growths are slowly 
progressive, and a tendency for dislocation or collapse of the vertebral body 
exists. Osteoblastic reactions are infrequent (Baker and Coley, 1953). 
Wood and Himadi (1950) mentioned that such changes were observed in 
2 out of 5 cases of vertebral chordomas in their series. As noted in 1 of our 
cases, the plain films may be entirely normal, and still vertebral and discal 
involvement may be identified at operation. 

Sacrococcygeal chordomas are most frequent, and present a varied roent- 
genographic appearance. Expansion of the sacrum as observed in the lateral 
view is a common feature in the early stages of this growth. By and large, 
the sacrum is slowly destroyed by the chordoma, and extension into the 
soft tissues as a relatively well defined mass can be noted on appropriate 
roentgenograms. The destroyed edge of bone from which the tumor emerges 
may lead to a correct interpretation in some cases. Remnants of calcification 
within the soft tissue mass may be present. Compression of the rectum and 
bladder by the soft tissue components of sacrococcygeal chordomas may 
produce symptoms, but the growths do not as a rule ulcerate through these 
structures. 

From a diagnostic viewpoint much depends on the location and extent 
of the chordoma as well as its potential for entering the spinal canal. When 
considerable bone destruction is present the appearance often cannot be 
distinguished from that due to metastatic neoplastic disease. If paraverte- 
bral swelling is seen it mimics that seen with osteomyelitis of infectious or 
granulomatous origin. Tumors low in the lumbar canal simulate herniated 
discs, and when little bone destruction exists the diagnosis is made fairly 
often on histologic examination of tumor tissue removed from the epidural 
space. Similar tumors in the nasopharynx simulate primary tumors of this 
area such as lymphoepitheliomas or carcinomas, more so if there is destruc- 
tion of the sphenoid. High cervical tumors, with or without intraspinal 
protrusion, likewise must be considered. Extension of chordoma into the 
pelvis and abdomen may simulate ovarian cysts or other tumors, and with 

read a picture like that of peritoneal carcinosis of other origin appears. 
Tumors still confined within a capsule cannot be distinguished clinically 
from other presacral newgrowths. With destruction of the sacrum metastatic 
or primary newgrowths, presacral neurofibromas or meningoceles must be 
considered. The infrequent chordomas originating within the bodies of 
vertebrez may be confused with primary tumors such as osteoclastomas or 
osteoblastomas, and diagnosis is best established by biopsy. 
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PRESACRAL [TUMORS 


In a discussion of the roentgenologic diagnosis of tumors involving the 
sacrum, Camp and Good (1938) divided these growths into three groups. 
Those arising within the sacral canal, of which the ependymal cell glioma 
is the commonest, cause a smooth loculated erosion of bone. The other 
two are tumors arising within the sacrum proper, of which chordomas and 
teratomas are the most frequent. Occasional cases of Ewing’s tumor and 
various forms of sarcoma are seen. 

Brindley (1945) observed that neoplasms in this location were of many 
pathologic types, usually arising from vestigial embryonic tissue. He com- 
mented that the potentialities of the sacrococcygeal region were based on 
the fact that the primitive node occurred there, and from it all fundamental 
systems of the body grow forward. During fetal life this remains for a long 
time a point of fusion of the central nervous system, the skeletal axis, seg- 
mental musculature and the postnatal gut. 

The tumors encountered most frequently in addition to those mentioned 
above are giant cell tumors, neurofibromas and fibrosarcomas as well as 
metastases from primary lesions elsewhere. Anterior sacral meningoceles 
were discussed in a previous chapter. 
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G1iaANT CELL Tumor (Osteoclastoma) 


In the past the term giant cell tumor has been used rather loosely, and 
there 1s still uncertainty as to what should be regarded as a giant cell tumor 


ee 
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of bone. In Lichtenstein’s opinion the growth is a distinctive neoplasm which 
apparently arises from non-bone-forming supporting connective tissue of the 
marrow which can readily be identified on the basis of cytologic details. 
The pattern presented by these tumors consists of a vascularized network 
of ovoid or spindle-shaped cells interspersed with multinuclear giant cells. 
As a result of his investigations, he separated these tumors from many 
others which have been confused with them. Chief among these are the 
xanthic, spindle cell, or healing variety, of giant cell tumors which are now 
designated as non-osteogenic fibromas of bone. The calcifying or chon- 
dromatous giant cell tumor is now designated as benign chondroblastoma 
of bone, probably representing an independent benign tumor of cartilage 
forming connective tissue, unrelated histogenetically to giant cell tumor. 
Another rather frequent entity which has been termed atypical subperiosteal 
giant cell tumor has been clearly identified as aneurysmal bone cyst. It 1s 
Lichtenstein’s opinion that giant cell tumors of the spine are exceedingly 
rare, and that some of the lesions so designated in the past represent 
aneurysmal bone cysts. 

The usual locations of giant cell tumors are in the distal end of the femur, 
the proximal end of the tibia and the distal end of the radius. Occasionally, 
tumors of this sort have been observed in the upper end of the humerus, 
the upper portion of the femur and of the fibula, and in the patella. These 
tumors rarely appear in individuals under twenty years of age, and are 
characterized by a lytic process with little or no bone production adjacent 
thereto. The cortex of the bone on the side of the tumor may practically 
disappear. At one time it was believed that the giant cell tumor character- 
istically presented a latticework of bony traversing strands across the lytic 
area, but this view has been abandoned. The difficulty of making a diag- 
nosis of the histologic type of a tumor on the basis of the radiographic 
changes alone 1s apparent. 

The question as to biopsy verification of histologic characteristics has 
largely been resolved in favor of such examination of any accessible lesion. 
Such a view was presented by Buschke and Cantril (1949). However they 
do not consider the vertebre in this group. There are others, notably 
Brailsford (1944), who believe that the characteristic picture of giant cell 
tumor may be easily recognized on the roentgenogram. In his opinion 
excellent results can be obtained by x-ray therapy alone, and biopsy may 
possibly be hazardous in that stability of bone may be weakened, and there 
may be possible dissemination of tumor cells. He suggested that there was 
evidence that surgical trauma may incite malignant metastases in some 
cases. By the same token, there are others (Murphy, 1935; Gershon- 
Cohen, 1943; Cade, 1949; Prossor, 1949) who hold that x-ray therapy 
alone may be very effective, but Lichtenstein pointed out that to his 
personal knowledge several cases of sarcoma developed within an irradiated 
and ostensibly cured giant cell tumor after a long latent interval. Cahan, 
Woodward, Higgenbotham, Stewart and Coley (1948) have reported sev- 
eral cases of sarcomatous degeneration in irradiated bone as well. 

While most giant cell tumors are benign, there is evidence to indicate 
that some are malignant even at their onset or that they eventually become 
malignant, particularly following some form of inadequate therapy. It is 
not possible to distinguish radiologically the so-called malignant forms of 
giant cell tumor from those which might be relatively benign. This consti- 
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tutes another factor influencing the trend towards biopsy investigation 
before instituting therapy. 

Coley (1935) reported a group of cases diagnosed as benign giant cell 
tumor from biopsy tissue and x-ray films which later underwent malignant 
change. He estimated that this malignant change might be expected in as 
high as 15 per cent of cases, a figure which appears to be somewhat higher 
than reported by other observers. 

It is possible that a pathologic fracture alone may result in healing of 
such a lesion. A case of a giant cell tumor of the lumbar vertebra was re- 
ported by Murphy (1935) in which operation was deemed inadvisable and 
x-ray therapy was refused by the patient. Healing followed a pathologic 
fracture which presumably stimulated healing. 

“Giant cell tumors” of the spine affect the vertebral bodies or the neural 
arches, alone or in combination. As a rule there is decalcification of the 
involved area, the lesion being demarcated from the normal bone by 
smooth edges which merge with the adjacent normal structures. The 
lesion may produce expansion of the involved vertebra with thinning of the 
cortex, and a variable extent of linear traversing bands may be present. 
These, however, cannot be considered as of definite diagnostic importance. 
If the giant cell tumor expands towards the spinal canal it may cause spinal 
cord or cauda equina compression. 

In view of the changing concepts of the pathology of tumors of the verte- 
bra, it becomes quite difficult to accept without reservation reports of such 
growths in the literature. However, mention may be made of several 
should the reader wish to investigate further. Cases were reported by 
Murphy (1935), Jenkinson, Hunter and Roberts (1938), Gershon-Cohen 
(1933), Brock and Bogart (1945), Prossor (1949) and many others. Two 
cases with biopsy confirmation were recently reported by Hamsa and 


Campbell (1953). 
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spine (Jaffe, 1950; Lichtenstein, 1950). Of 17 mentioned by Lichtenstein 


(1953), 4 were encountered in the spine. The neural arches of one or perhaps 
two adjacent vertebre may be involved, although occasionally the body 
may be cystically transformed with a thin cortex. Trabecula may be 
visible across the thinned bone, but these probably represent endosteal 
ridges and spurs rather than true septe. The normal cancellous bone is 
replaced by fibrovascular tissue with numerous large dilated vascular pools 
and channels. Encroachment on the spinal canal may result in spinal cord 
compression. 

The radiographic appearance of vertebral aneurysmal bone cysts 1s one 
characterized by localized rarefaction and bulging of the involved bone, 
with thinned cortex and sometimes small focal deposits of new bone and 
calcifying osteoid tissue. 

Aneurysmal bone cysts are amenable to surgical treatment or x-ray 
therapy. In 2 cases seen by us, and at first believed to be giant cell tumors, 
healing occurred after deep x-ray therapy. These patients were followed 
from five to twelve years. In 1 case, in which the spinous process and 
neural arch of the fourth cervical vertebra was involved, and which was 
not confirmed by biopsy, healing occurred within three months after the 
course of x-ray treatment had been concluded. At first a web-like stroma 
outlined the restored contours, and ultimately dense calcification occurred 
in this nineteen-year-old male patient. The second patient was a fourteen- 
year-old girl in which the second cervical vertebra was markedly decalci- 
fied, bulging, and traversed by thin septe. X-ray therapy was followed by 
restoration of the bone, which remained relatively ballooned but reassumed 
a good osseous density. 
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HEMANGIOMAS 


While hemangiomas of the vertebral column are among the more frequent 
tumors affecting this region, they are, nevertheless, relatively infrequent. 
From the viewpoint of incidence in pathologic specimens, Schmorl re- 
ported that of 3829 spinal columns examined, an incidence of 10.7 per cent 
of angiomas was noted. This series: consisted of 1948 males and 1881 
females, and the angiomas were more frequent in females. In 66.5 per 
cent of cases, only 1 angioma was demonstrated. In the remaining 32.8 
per cent, 2 to 5 angiomas were seen, and in 3 cases even more were observed. 
In all, 579 different angiomas were encountered. Of these 32 occurred in 


Hemangiomas 379 


the cervical region, 350 in the thoracic region, 170 in the lumbar region and 
27inthe sacrum. The most frequent sites were the twelfth thoracic vertebra 
(47 cases), the fourth lumbar vertebra (38 cases), the first lumbar vertebra 
(37 cases), the second lumbar vertebra (36 cases), and the third lumbar 
vertebra (36 cases). Most of these were incidental findings in routine 
necropsy examinations, and were without clinical symptoms. They varied 
in size hoa a pinhead to lesions involving almost the entire vertebra, ex- 
tending to the neural arches, or any portion of a vertebral segment. 

Topfer (1928) reported that hemangiomas of the vertebral bodies were 
encountered in approximately 12 per cent of 200 patients examined at 
necropsy. However, Lichtenstein (1952) made the point that occasionally 
an cneidencal finding at autopsy was a circumscribed, roundish, bright red 
hemangioma-like focus within the spongiosa of a vertebral body. It was 
more likely that these represented venous localized spaces rather than true 
tumors. He also indicated that lesions considered as angiomatous may 
actually be aneurysmal bone cysts. 

Angiomas are dark red in color, and if extensive enough, may cause 
slight expansion of the entire vertebral body, with bulging of angiomatous 
tissue into the epidural space. Angiomatous tissue destroys the trabeculz 
of the vertebral body, so that the remaining trabecular structures become 
thickened, producing the vertically parallel appearance of the remaining 
cancellous strands noted radiologically. 

Ghormley and Adson (1941) divided angiomas into four groups including 
those which were asymptomatic, those which presented local signs and symp- 
toms without spinal cord compression, those which presented symptoms of 
spinal cord compression without paraplegia, and those associated with para- 
plegia. The coexistence of compression myelopathy with vertebral heman- 
gioma has been known for a long time. Soon after the original description 
of the radiologic appearance of hemangiomas by Perman (1927), Bailey 
and Bucy (1929) described a case of cavernous hemangioma of a vertebra 
associated with compression myelopathy. By 1942 Ferber and Lampe were 
able to collect 52 cases of vertebral hemangioma with spinal cord compres- 
sion. Ina discussion of the possible causes of compression of the spinal cord, 
Schlezinger He Ungar (1939) pointed out that this condition could be 
brought about by a ballooning of the vertebra caused by thrombosis and 
edema et with osteoporosis and subsequent formation of bone by 
the extension of angiomatous tissue to the epidural space. This occurred 
in 8 of the 40 cases reviewed by them. Fracture of the involved vertebra 
causing spinal cord compression was encountered in only 4 cases in the 
literature, indicating the rarity of this complication. 

An interesting point was made by Karshner, Rand and Reeves (1939) 
who described an epidural hemangioma associated with a hemangioma of 
a dorsal vertebra giving rise to compression myelitis. In this patient 
there were hemangiomatous nevi in the same dorsal segment as the epidural 
hemangiomas. Brgbeck (1950) reported a sixteen-year-old male patient 
with a spastic paraparesis of the lower limbs due to a hemangioma of the 
seventh dorsal vertebra. Operation disclosed extradural vascular tumor 
which involved the neural arch, and compressed the spinal cord from its 
dorsal aspect. This patient had complained of prolonged insidious develop- 
ment of disturbance in gait, increasing disturbances in sensibility and severe 
pain. Brgbeck mentioned that pain was a rare and often a late symptom 
and may sometimes occur in periodic attacks, presumably brought about 
by congestion in the cavernous blood spaces of the tumor. He quoted 
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One other case observed by us appears to be worthy of record inasmuch 
as it appears to confirm the observation of Michon, Gregoire and Lafont 
(1935). This patient was a nineteen-year-old girl, who during the third 
trimester of pregnancy, suddenly began to complain of pain in the back 
followed by progressive weakness of the lower extremities which soon pro- 
gressed to a paraplegia. In view of the urgency of the situation, laminec- 
tomy was done the day after demonstration of a hemangiomatous lesion 
involving the neural arches as well as the body of the twelfth dorsal ver- 
betra (Fig. 234). This was followed by slow improvement, and one month 
later, when the obstetrician judged the time propitious, a cesarean section 
was done and a normal infant delivered. X-ray therapy was instituted 
immediately after delivery of the infant. Slow, progressive improvement 
followed, and the patient was symptom free six months later. 
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MassIvE OSTEOLYSIS 


Decalcification of bone is a nonspecific phenomenon related to such diverse 
causes as infection, trauma, central nervous system disorders, metastatic 
tumors, metabolic conditions, the various reticuloses, as well as other proc- 
esses. A remarkable, infrequent form of extensive osteoclasis is that associ- 
ated with vascular changes of a benign nature with markedly prominent 
venous channels and without bone reaction. It has been attributed to a 
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variant form of hemangioma in which the bone becomes weakened, soft and 
spongy, and filled with a benign proliferation of endothelial-lined channels 
which can be outlined radiologically after the injection of water soluble 
contrast material. The bone practically disappears progressively, giving 
rise to various appelations including phantom bone, vanishing bone, dis- 
appearing bone, cryptogenic osteolysis and essential osteolysis. The condi- 
tion appears in patients from childhood to middle age, most often in children 
and young adults. There are no endocrine or chemical disturbances which 
might point to a causative mechanism. Complaints are referable to patho- 
logic fractures with pain, swelling and deformities predominating. The 
lesion can originate in almost any bone except the skull and phalanges, 
mostly in the pelvis, sacrum and shoulder girdles. The osteolytic process 
sometimes ceases spontaneously, but reossification does not take place. 
The spine is rarely involved. In a few the disease is progressive and fatal 
in about two years. 


REFERENCES 


BIckEL, W. H. and Bropers, A.C.: Primary Lymphangioma of the Ilium, J. Bone & Joint Surg., 
29, 517, 1947. 

GORHAM, L. W. and Stout, A. P.: Massive Osteolysis (Acute Spontaneous Absorption of Bone, 
Phantom Bone, Disappearing Bone): Its Relation to Hemangiomatosis, J. Bone & Joint 
Surg., 37-A, 985, 1955. 

GorHaM, L. W., WricuT, A. W., ScHULTz, H. and Maxon, F. C., Jr.: Disappearing Bones; 
A Rare Form of Massive Osteolysis, Am. J. Med., 17, 674, 1954. 

Jounson, P. M. and McCiure, J. G.: Observations on Massive Osteolysis, Radiology, 71, 28, 
1958. 

HAMBACH, R., PUJMAN, J. and Maty, V.: Massive Osteolysis Due to Hemangiomatosis, Radi- 
ology, 71, 43, 1958. 

MILNER, S. M. and BAKER, S. L.: Disappearing Bones, J. Bone & Joint Surg., 40-B, 502, 1958. 


OsTEoID OsTEOMA 


This lesion was designated by Jaffe (1935) as a benign osteoblastic tumor 
composed of osteoid tissue and atypical bone. As first reported, the tumor 
involved spongy bone. In 1940 Jaffe and Lichtenstein observed the same 
lesion in the cortex of the shafts of long bones accompanied by a consider- 
able degree of periosteal reaction. Pathologically the lesion is characterized 
by the presence of a nidus, which on cut sections stands out from the sur- 
rounding bony tissue as a slightly bulging, rather rubbery, circumscribed 
red nodule surrounded by thickened and sclerotic bone. This nidus 1s the 
osteoid osteoma itself. 

An osteoid osteoma within spongy bone merely provokes a thin rim of 
sclerotic reaction, quite different from the rather pronounced periosteal 
proliferation of bone observed with the same lesion developing 1n the cortex. 

The lesion is one which affects relatively young people, from childhood 
to early adult life. It is accompanied by a considerable degree of pain 
which often is more severe at night. Of interest is the fact that the pain 
seems to respond quite readily to aspirin. Sharp tenderness over the in- 
volved area may be elicited on physical examination. 

The usual sites of origin of these benign tumors are in the shafts of the 
long bones, particularly the femurs and tibias. Lesions have also been 
identified in other long bones and in the feet. Occasional instances of in- 
volvement of the humeri have been reported. Osteoid osteomas may 
appear in the vertebral column, and usually involve the neural arches or 
the articular facets. In a review of 62 cases the vertebrz were involved in 
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pedicle and the body of the fifth cervical vertebra. This is the only case of 
involvement of a vertebral body which I encountered in the literature. 

The radiologic diagnosis of osteoid osteoma insofar as the vertebre are 
concerned is dependent upon the identification of the nidus. As a rule, the 
degree of sclerotic reaction around the nidus is slight, although in 1 case of 
an osteoid osteoma in the pedicle of the second lumbar vertebra seen by us 
a considerable degree of bony reaction could be identified radiologically as 
well as at subsequent operation. As a rule, the nidus is circular or oval in 
configuration and rarely exceeds 1 cc. in diameter. 

An interesting roentgenogram is shown by Lichtenstein (1952) in which 
an osteoid osteoma ts seen in the inferior facet of the fifth lumbar vertebra, 
the shadow being identified by a circular radiolucent area within which an 
island of bone of relatively normal density was present. A sciatic syndrome, 
which had been present clinically for over two years, was completely re- 
lieved after removal of the osteoid osteoma. 

The outstanding change produced by osteoid osteoma is a radiolucent 
focus of osteoid which becomes opaque when calcification or ossification 
appears within it. The lesion then appears as a central circular area of 
increased density surrounded by a radiolucent halo. This, in turn, often 1s 
enveloped in the sclerosing reactive bone which varies considerably in 
extent, particularly in the vertebra. The differential diagnosis between 
osteoid osteoma and sclerosing osteomyelitis is facilitated by the recognition 
of the nidus and halo, but it is quite possible for a small central rarefied 
focus to be present in an inflammatory lesion. In such cases biopsy 1s 
required. Removal of the lesion usually results in cessation of symptoms. 
However, in the spine the problem is somewhat less difficult because the 
sclerosing osteitis is not as frequent. Body section radiography 1s helpful 
in the investigation of suspected osteoid osteomas of the neural arches and 
its processes. 
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BENIGN OSTEOBLASTOMA 


This benign bone tumor resembles osteoid osteoma histologically in that 
it contains heavily vascularized osteoid and bone forming tissue. It occurs 
most often in patients from 10 to 25 years of age, but has been observed in 
younger and older individuals. It differs from osteoid osteoma in that pain 
is less intense. The tumor is considerably larger and grows rapidly. It has 
a predilection for the neural arches and pedicles of the vertebra, and may 
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a case was reported by Geist and Portmann (1952) who described destruc- 
tion of the first and second vertebral bodies by a nasopharyngeal malignancy. 
The roentgenograms of this patient showed an area of decalcification in- 
volving the anterior aspect of these vertebral bodies. Occasionally a 
nasopharyngeal tumor may be identified on x-ray examination of the cervical 
spine because of soft tissue swelling in the upper prevertebral area, best seen 
on lateral projections. As a rule this occurs only when the tumor its larger 
and has burst through the nasopharyngeal confines. 
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Spinal Traumatic Changes 


FRACTURES AND DISLOCATIONS OF THE CERVICAL SPINE 


Industrial, automobile and sports accidents are the most frequent causes 
of injury to the cervical spine. The vertebral bodies, the intervertebral 
discs and the contents of the spinal canal are affected by the trauma depend- 
ing on its direction, force, duration and the posture and muscular tone of 
the patient at the time of injury. Often the adjacent soft tissues, the 
muscular and ligamentous structures, are severely injured, but these are 
difficult to evaluate in the absence of skeletal changes. With displacement 
of various components of the vertebra and intervertebral disc, acute or 
_ chronic spinal cord or nerve root compression supervenes, followed by a 
clinical picture in accord with the compressive phenomena. These vary 
from immediate transection of the cord to the results of more or less gradual 
compression of the anterior aspect of the cord. With certain traumas the 
central area of the cord is injured, while with others the anterior aspect of the 
cord or the nerve roots are disturbed. 

In a review of 59 cases of cervical spine trauma, Crooks and Birkett (1944) 
found six fractures of the sixth or seventh cervical spinous processes or both. 
One fracture of the transverse process of the seventh cervical vertebra was 
seen. Fracture or fracture dislocation of the atlanto-axial region occurred 
in three, and there were two with displacement of the atlas on the axis. 
Four fractures of the dens were seen, with forward displacement in three 
and backwards displacement in one. The second cervical vertebra was 
fractured or displaced on the third in six cases. There were seven compres- 
sion fractures, and ten fracture dislocations and subluxations. In eight 
cases there were dislocations with locking of the articular facets, and in five of 
these complete paraplegia appeared immediately after the injury. In a 
review of 87 lesions in 77 patients Rogers (1957) found anterior dislocation 
and bursting fractures of the vertebral body in 29 and ten patients respec- 
tively. Anterior fracture dislocation was present in eight cases, fracture of 
the dens in nine and six had wedge-compression fractures. 

Injuries of the cervical spine have been classified according to the forces 
involved, the resultant displacements, and compressive or disruptive 
changes. Anterior dislocation, with and without fracture, occurs when 
there is a shearing force from behind which produces anterior displacement 
of the affected vertebrz. The posterior segments of the displaced vertebrz 
are tipped anteriorly and cephalad by the altered inclination of the articular 
facets. Dislocation is complete when the inferior articular process of the 
displaced vertebra becomes anterior to the superior articular process of the 
vertebra. If the displacement is such that the inferior articular process of 
the involved vertebra remains posterior, but is displaced anteriorly and 
upwards, partial dislocation is present. Fractures occur when longitudinal 
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~ dateral and: epenemouch: ropEctiOns.— df indicated, Alexion and. extension 
ee studies, steren: ablique MEWS and. body sections: “exam OTatiOUs POSS 
triad 2 En eRe 
‘Orher. juechanisiag: fer. beens! ok the Silage ineude extreme. extension, eee 
causing a fractace at the weakest point of the postenor arch close to the ees 
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‘anterior arch: may sekales ina fevenire of this; area. There may! he dislocation eS 
of the: lateral masses. eowards the bead. tr bilareral fractures: of the pos- 


terior arch because of pward pulling of the rectus capitis posterior minor — 


muscle.” -Plaur’ ( 1930) ‘ineladed a table reporting 93 fractures of the atlas) 5 
‘as gathered from the licerature and mentioned that ar overwhelming ania) 
IGEY recovered ro full occupational activity. 28 


Fractures: and fract ture disibeations of rhe cecbnud cervical’ vertebra occur. 
guite frequently as a result of trauma incident to accidents such as NRE 
injattés which: produce. divect- tania en the occiput of the skull associate 


swings over to the side when. the head. ~ 
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ae ae atlas: on nee axis: wien: Sak a: Hacc shiciet: ake ie of the! Ne 
‘edanroud process. An onusual case of this. Variety was re arred by Bayies 


(T9453) ina thirty-ight-veard | man who bad fractured his firsr and second: 
vervical vestebre alter diving into a swiniming pool twenry-rhree years he-— 


fore: adimikaion: to the pope An wannited fracture resulred: at ‘the base 


af the adantord, with. a false articulation. Movement occurred - ar this false 
joe aehich: subjected the ‘patient to atracks of unconscigusiess, which the. 


author attributed re compression of the vertebral arteries, whose course. he 
postulated. AWAS:. Torpagas and subjeee, tO. Soibpreesign: following a blow or. 


twist of the neck.” 


oo. Tinea pase, seen by me ‘Pig. Un) the patient was ‘orrieck with the bute of a 
ake pista, during: a holdup, and he fell heavily to the floor. owisting his head. — 


ote 


“There was a fractare of the base of the odonroid: pravess with a lateral shift” 
wat the dens as well as of the fateral’ masses of the. first. cervical vertebra 
yawards the teft side. In the lateral. preiection the space between the an- 

we terIOT Eaten of the: atlas and the edontoid was increased to | cmt.. This pavent ee 


Re - fracture brought t 
overtebra (Fig. 243), 


othe rype of fracture, Werh. neciprralization of the atlas or basilar invagina- 
 penthe dens is igh in the spmal canal in relation to the malformed foramen 
snes eee Therefore: the dens is more susceptible: tO injury as. being” HO 
~ setuared as to ‘be mire likely to injure the cord and. the medulla eblangata. 


392 Spinal 1 


| had ‘pooulnaied | 
. undiagnose we Fe 
He There WETE NG central: nervous. system: sy mproms: and 





Trav matic Changes: 





OF pain on morion ‘of the ‘Aa, ‘but the: poudition: remained — 
or about two ¥ weeks before. he came for medical atcention.. 
d he responded well to 
conservative treatment. Another patient with # ‘similar type of | ANGUEY- had See 
che base. of the SEEN, process. ae the: secsng: feevical Se 
















i Malformations: of ithe: oceipitoeery ical junction, salen’ present, | influence ee 





r F 
5, prepcen eta 





Nie: ‘ta. it, Aypertesion: tative diatioatiin ru the seth onthe. seventh rervic eat sorters due se 
to dysrupstion. nk the menralarch.  BOld hy perflerian: fracture ot: lower: cervinal Spine: Gb6 to atito- | 


- cemobile accident seventeen years before. Fusion has develaped’ bersoer: he SAUD nani aveh it: ; 
7! eeraGaL. be tebees he ee fea peste Sa rpIO NE: alter f preluciee tresicment a See MINE BES A ig a 





ote cp pevole a dena: may y separate a at its i haailae on sis, “One should Ase BS 















: ae anferpret a normal persistent’ epiphyseal life as a fracture. ee PE ee ae 
Neurological sequete following fracture of the dens aecur. iminediarely or He 
 Aaser,” Hemorrhage into the spinal canal or ourside che canal with disruption 
ae adjacent. Herves,. caniusions OE the grester, occipital, glossopharyngeal, ae 
occ palatabor chorda: tyMpann petves may ee Immediate paralysis below 600). 
the jesion;. Aypale esia and “hypesthessa: ‘together. with 4 sreserved | position, fe 
-rouch, motion and. vibratory ‘sense after injury may indicate the necessity 
“for surgical relief. Myelographiy is contraindicated ander these cicums 
 Stanees<” Schneider. regarils these symiptams as the. direct effect of trauma = 
ae the cord rather than. v3 axcular EPPIOERE, due, te injury: to the: anterior = ae z Se 
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degenerative diseases with progressive weakness, spasticity, hyperreflexia 
and absence of sensory disturbances. Pain and numbness of the lower 
extremities can be produced by lower cervical spinal injuries, with no 
symptoms directly referable to that area, and in the absence of lumbar 
discal changes. The situation becomes confused when minor or no changes 
are found on lumbar myelography, and the cervical canal should always be 
studied carefully in such cases. 

Injuries to the lower cervical spine frequently involve the bodies of the 
fourth, fifth, sixth and seventh cervical vertebrae. Many of these follow a 
so-called ‘ ‘whiplash” injury which causes hyperflexion followed by a spon- 
taneous extensor recoil (Davis, 1945). Head-on automobile collisions, or 
sudden stops, are common causes. This may result in a partial compression 
of the anterior aspects of the lower cervical vertebral bodies. Injuries to 
the transverse and spinous processes, the laminz and pedicles may also 
occur as a result of these injuries, together with subluxations of the articular 
facets. The clinical picture varies greatly, depending on the location and 
extent of the injury. These may be very difficult to identify, and one 
encounters a considerable disparity between so-called negative roentgeno- 
grams of the neck and a patient who is obviously and painfully injured. In 
these cases the usual lordotic curve of the cervical spine is straightened, an 
observation which should induce further detailed examinations, particularly 
stereoscopic oblique studies. A so-called “sprain” may well be a subluxation 
of an articular facet almost indistinguishable even on the most complete 
roentgenographic examination. In such cases stereoscopic lateral studies 
in flexion and extension, as well as oblique stereoroentgenograms are 
essential. Slight changes in the alignment of the articular facets, increased 
spacing between the spinous processes and minor alterations in the con- 
figurations of the apophyseal joints point towards minor dislocations which 

be asymptomatic or productive of considerable discomfort. These are 
difhcale to evaluate and often give rise to much discussion, particularly 
in medicolegal situations. 

In injuries of the cervical spine in which the intervertebral foramina are 
affected, one may encounter a syndrome simulating that of a ruptured 
cervical intervertebral disc. ‘Two such cases were reported by Kristoff and 
Dratz (1948) who observed that fracture of the margins of an intervertebral 
foramen resulted in compression of the corresponding nerve root, with pain 
identical to that seen with herniated discs. The pain may be radicular and 
aggravated by motion of the head. They believed that myelography may 
be unnecessary if the plain films are carefully made, and thai myelograms 
may or may not show a filling defect with such injuries. 

he dramatic effect of hyperflexion injury upon the intervertebral 
discs of the lower cervical spine has been the subject of several reports. 
Brooke (1944) reported a case of quadriplegia with complete transverse 
cervical myelitis produced by traumatic herniation of an ossified nucleus 
pulposus. At necropsy fifteen days after admission, a defective and frayed 
posterior longitudinal ligament was found, with posterior protrusion of a 
calcified nucleus pulposus between the fourth and fifth cervical vertebrz. 
The cord at this level was softened. In this patient, who was a fifty-six- 
year-old male, the plain films revealed narrow interspaces between the 
fourth and fifth and fifth and sixth cervical vertebrae, but the vertebrze 
were normally aligned. A soft defect was palpated in the spinal cord oppo- 
site the interspace between the fourth and fifth cervical vertebra, and 
directly anterior to this was a hard, irregular calcified intervertebral disc 
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described a case in whieh: the cervical cord of a patient who died ‘after-a 0 


ne diving injury was almost completely severed antenorly. withour: dislocation. ~ | 
of the-spinal column. fae eek sevealed thar the intervertebral dise had |. 
: precedes: direcriy- opposite che lesion inthe spinal’ cord: and: shay pastas ‘s 


lated thar violent protrusion of the mickus pulposus, due. ia. compression) ‘ 


of the intervertebral diac was the inechanism for, che spinal cord myury mn 
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ah extreme vertebral disloganan with inimediare spunraneaus reduction. 
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Another case of paraplegia following a hyperextenston cervical spine in- 90 
jury was reported: by ‘Ta vlor and Blackwood (1948) whi indteated that. - 
myelography may be required to demonstrate prolapse of the disc, particu-. 
larly if the plain film roentgenograms of rhe cervical spine were normal. In.” 
their opinion, spinal canal block may develop later by reason of edema of 
the cord due to contusion, because of protrusion of a nucleus puplosus, oF 


dislocation with immediate spontaneous reduction. 
_ & most Unusual ease of fatal nucle pusUS ef an a te 
“segmenc of the spinal cord and medulla was reported by Naiman, Donohue: 
and Pruehard (1961) ms 15-year-old boy who. died shortly: after a minor. 


a Pt a 


~ injury with progressive quadmplegia, respiratory paralysis and sensory loss.” 


usual case of fatal nucleus pulposus embolism involving’a 
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The cole of acute herniation of the nucleus pulposus of the lower cervical 
spine in the preduction of cord injures was descnbed by Schnerder (1951). - = 
He maintained that-an immediate complete paralysis with hyperesthesia ~ 
at the level of the lesion, and an associated sparing of touch and some vibra- — 

tion sense constituted @ syndrome for which early operation was necessary. 

‘This aorhor also stressed the rale of the raut dentate ligaments which hold 
the cord relanvely himly in place, thereby enhancing the traumatic effect 


of protrusion of the nucleus pulposus. He believed that even though no 


anatomical extrusion of disc material was present, immediate decompression — 
by laminectomy, meision of the dura and sectioning of the denrate liga- 





ments bilaterally might relieve pressure, —Myelographic examination of 6 <. 


- these cases may show spinal canal block, confirming the seed for operation: 


Delayed paraplegia following injunes to the verrehre was mentioned by 

Rogers (1945) who reported’4 eases in which paraplegia developed from a - 
few minutes to forrg-erzhe hours after injury. All-were able to walk durmg © ~ 
this interval. The effect of injunes to the cervical spines of elderly indi- — 
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viduals with arthritis was discussed by Barnes (1948). In these patients 
there is a tendency towards kyphosis of the thoracic spine, usually compen- 
sated for by a cervical lordosis. This results in a relatively fixed position of 
the cervical spine, and any injury may cause a degree of hyperextension be- 
cause of the inability of the patient to flex his neck. Under such circum- 
stances strain develops on the anterior spinal ligament, which may rupture 
and be accompanied by a chip fracture of the vertebral body. ‘The inter- 
vertebral disc may be torn, but there 1s little chance for a posterior dis- 
placement of the nucleus pulposus under such circumstances. Kaplan 
(1953) postulated that hyperextension injuries might cause thrombosis of 
the spinal arteries with consequent cord damage, and reported a verified 
case in a fifty-four-year-old male who had been overthrown by a wave 
while sea-bathing. 

Hyperextension injuries may produce serious damage in newborn infants, 
especially during breech deliveries. Leventhal (1960) reported these at the 
cervicothoracic junction, with injury to the brachial plexus. The spine 
itself is not damaged, but injury to the head and first cervical vertebra may 
occur. The development of meningeal adhesions might cause block as in 
two cases reported by him. 

In evaluating the effects of hyperextension injuries of the cervical spine, 
the role of the ligamenta flava and the presence of spondylotic ridges should 
be considered. During the moment of extreme hyperextension the combina- 
tion of wrinkling of the ligamenta flava anteriorly and the increased dorsad 
bulging of spondylotic ridges combine to cause marked compression of the 
cord. This is enhanced when the diameter of the spinal canal is reduced 
either as a developmental change consequent to increased thickness of the 
neural arches or because of associated hypertrophic spondylosis. 

Some hyperextension injuries damage the central area of the cord, but 
more often the anterior aspect is affected. The role of the dentate ligaments 
in preventing dorsal protrusion of the cord against the neural arches en- 
hances the probability for injury to its anterior aspect. It is noteworthy 
that considerable time may elapse before these injuries manifest themselves 
clinically, and their association with previous trauma sometimes is over- 
looked. Schneider and Knighton pointed out that the syndrome of chronic 
injury to the central zone is characterized by weakness of the fingers, hands 
and arms to a greater extent than seen in the lower extremities. The sensory 
pattern Is erratic, and the entire picture easily confused with syringomyelia. 
The syndrome of acute injury to the central zone also includes the effects of 
damage in the vicinity of the central canal, with involvement of the nerve 
supply to the neck, shoulders and upper extremities and lesser damage to 
the nerves of the trunk and lower extremities. ‘To the degree in which per- 
manent damage exists, the chronic picture develops later. Considerable 
recovery may occur if the trauma results in a reversible form of injury. 

Injuries to the spinous processes of the lower cervical spine constitute an 
interesting group of fractures which have been referred to as “‘clay- 
shoveler’s”’ fractures. Such fractures may occur in one or several vertebra, 
from the sixth cervical to the third thoracic segments. The fracture line 
usually appears at the narrowest part of the spinous process about 2 cm. 
from its end. According to Hall (1940) this type of injury is attributed to 
muscular pull caused by a sudden jerk while using a shovel. Annan (1945) 
felt that undernutrition and fatigue were contributing factors. The frac- 
ture is best seen on lateral roentgenograms. It may be identified in the 
anteroposterior view by a downward displacement of a tip of the spinous 
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ATLANTO-AXIAL DISLOCATIONS 


The normal atlanto-axial articulation consists of four joints, two pivotal 
and two arthrodial, or gliding joints. One pivot joint is between the pos- 
terior surface of the anterior arch of the atlas and the front of the odontoid 
process, and the second 1s between the anterior surface of the transverse 


Atlanto-Axial Dislocations ETERS 308 


ligament af the atlas and the posterior aspect of the calbnioil races: “The : 


twis gliding joints are those on either. side of che articular processes between 
the atlas and the axis. On either side af the odontoid process is a bursa 


hich. separates it anteriorly. from the transverse hgament of the ana. ees. 
Rach af the four joints is lined with synovial membrane. fe 
The structures connecting the aclas and axis consist of the Gitielar ape 
sules, which: unice the margins of the lateral masses of the atlas with those _ 
of the? ‘pasteliag: arucalar: ‘stirface ‘of: the atlas: dn front is” the anterior _ 
avlanto-axial: Higament, | which extends from she inferior: margin of the an- 
retior arch ot the atlas to rhe antésior aspect of the body of the axis. The 
posterior, atlanto-axiat Ngament is. attached from the lower border of the | 
posterior arch of the atlas ro the upper edge of the larnine of the axis, ‘The 
 LFARS VETS figament of the axis extends ACTOS: the ring, keeping: the. odontoid = 
= 3 process: a. CONCAEE with: the anrerion. arch. 7 Arising: frant ether. side of the s 
upper portion of the adontoid: ‘process. are two strong rounded ligaments — 
‘called the alar hgamenits, which insect inte the occipital condyles on their 
medial aspeces. “These limit the motion of the head, and are referred to as 
check ligantents. - “Bereween the two alar. ligaments: Kes the capieal: odonroid — 
ligament, which extends from the tip of the odontad process of the anterior — 
akg cof the foramen magnum, and unites: with. the deep portion: ‘of the 
anrerig -atlanto-oceipiral membrane and. the, Superior erus of the transverse — 
tigament. of the aclas.. This ts ‘regarded: as a ‘rudunentary intervertebral 
hbrocactilage, and traces: of notochord may persist within it. 7 Deke 
Radiologic investiganions of the atlanta-occipital arricularions should pe 
clude’ films in the lateral and the anteroposterior positions, projecting. the | 
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atlas and axa: through the open mouth. In addeion: submenro-vertical or 


vertical-submental Views | aid in visualizing the: atlanto-occipital arncula- 
tons. “The latter views are sometimes difficult ta obtain, ‘particularly in 
parienrs: with: symptoms: a atlanto-axial disbcation,- An important: ad to 
the fadiologie examination of these jomts is body secnon sadiography, whch | 
brings owt the articular surfaces” between the: occipital: condyles and the 
“fest: and: segond cervical vertebrie to a degree: which: cahnoc he obrained by - 
“routine merhods. This exaninarion is particularly importance in those 


indi viduals whn are unable co move their necks or. open: ther mouths: widely oo 


“One must also keep in raind the wide vange. of -vanations in the Wormal. 


: conhgurations of che. atlaneo-occipical | jomrs. Paul and Mow (1949) found a 


considerable asymmetry in the lateral: ASPECTS | of the articulations. between 
the first aod secand cervical vertebra. Ina group of 5 individuals, 9 had 
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con the axis could be. demionsteated on dateral Rexion’ of the: head. cor by 
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~The configuration. of ‘the atlanco-axral point Snctbe. duteral position was | aS 
studied by Cuurts: (1994), whe. regarded | the width of the joint space as -- 


an imporrant index to its condition. The normal width of xhis joint is 
between Loto 2: Ag. and: the normal u eRe Tans; ce af the inelination: at the > 
atlas. agamst. “the axishis JO) degrees. 


this angie is determined iby a lu > a5 


jomung the inferiot borders of the aprerior and posterior atlantic arches, and ~ 
‘sw second bine joining the miferior. border of the articular process eS Of the axis. 


with the inferior border of #8 spinaas process, Jacksan, (1990) in a study 
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: anicolat surface of the atlas, measured. the: range. of decvuce hetween. shee ae 


nwo’ surfaces in: flexionand extension in 50 neural individuals. He. found. 9 
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The: positian: ut -aoteist individbals of the tip. gt he: spinous process: Sok 


anally the tip of the fest cervical spinous process was in a direct line with - 


: taneous: subluxation. rhe 


the: corresponding: structure. of the second ‘cervical ‘vertebra. With spon- 
fs etip. of the firet cervical spinous process. mooved for | 
ward. Arthe same time, the jaw is displaced forward from the spine, and — 
the space between the odonroid and the arch of the alas is increased. The rahe 
arch. of the atias is moved anterior iv relationship to the arches below. ee 





Dislocations of the atlanto-axial : joints, are: “partial ar complete. They 
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corresponding superior articular surfaces of the atlas. In addition, there 
may be right or left lateral dislocation of the atlas on the axis. In this 
circumstance a fracture of the odontoid process usually accompanies the 
lesion, and a history of trauma is generally obtained. 

The etiologic factors concerned with dislocations of the atlanto-occipital 
articulation include trauma, congenital defects such as absence of the odon- 
toid process or incomplete fusion of the odontoid process with the body of 
the second cervical vertebra (Clark, 1941; Weiler, 1942; Nievergelt, 1948), 
inflammatory diseases such as acute tonsillitis, cervical adenitis or the 
various exanthematous diseases (Sullivan, 1949). Cases have also been 
reported following mastoid infections (Frank, 1936), rheumatic fever (Evans, 
1941), and after tonsillectomy (Swanberg, 1919). Tuberculosis, syphilis, or 
more often metastases, of the cervical spine, by destroying structures com- 
prising the atlanto-occipital articulations, may be followed by dislocations 
following an unguarded sudden movement of the head or other trauma 
(Willard and Nicholson, 1941). Kyphoscoliosis in children might be a 
causative factor (Hess, Abelson and Bronstein, 1942). 

Excluding those cases of obviously traumatic origin, those due to tuber- 
culosis, syphilis, or other bone-destroying lesions such as osseous metas- 
tases, or to congenital anomalies of the atlas and axis, the etiology of spon- 
taneous atlanto-axial subluxation has been ascribed by Wittek (1908) to 
an effusion into the joint capsule, with overdistention of the ligaments. 
Greig (1931) stated that with cervical infections a diffuse tissue hyperemia 
results, which produces decalcification of the adjacent bone and loosening 
of the intervertebral ligaments, particularly those between the atlas and 
axis. This may permit the skull and first cervical vertebra to dislocate an- 
teriorly, or there may be a backward slipping of one articular facet of the 
atlas on the axis. Watson-Jones (1932) also ascribed the dislocation 
to hyperemia throughout the cervical tissues causing decalcification of 
the upper cervical vertebrz. This hyperemia is not accompanied by de- 
struction of bone, and may be very difficult to identify roentgenologically. 
An inflammatory process anywhere in the upper cervical region may cause 
such decalcification, but inasmuch as the condition occurs mainly in children 
in whom the bones are imperfectly developed and not well calcified, roent- 
genographic identification of the demineralization may be lacking. 

Frank (1936) compared dislocation of the atlas to subluxation of the 
hips, which sometimes complicates various exanthematous diseases, typhoid 
and mastoiditis. A case of an associated spontaneous dislocation of the 
hip with a spontaneous dislocation of the atlas was described by Steele 
(1937), who mentioned that distention of the joint and relaxation of the 
ligament was probably responsible for this change. Stein, Bloch and Kenin 
(1953) in a report of a case of a non-traumatic subluxation of the atlanto- 
axial articulations suggested that effusion into the atlanto-axial joint as a 
result of hypersensitivity might be a causative factor, comparing the change 
to that described by Edwards (1952) in transient synovitis of the hip joint 
in children. 

Most cases of atlanto-axial dislocations occur in children. The disease 
usually appears about two weeks after the onset of an inflammatory lesion 
involving the nose and throat. The patient holds his head in a torticollis 
position, with the chin frequently pressed closely against the neck and 

ointed to the side opposite the dislocation if a unilateral dislocation exists. 
he patient may find it difficult to open his mouth and complains of pain 
in the occipital and mastoid areas. Some degree of flexion may be obtained, 
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bur extension ‘of the. head. agually produces: sohiderable aan “Rotarian 0 ie 
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‘surgical decompression: followed by spinal fusion, : Meiaodes: Masland and: 
Harris (1953) reported an infant with anterior dislocation. of the first 
vervical vertebra simulating cerebral birth. oyury: “Myelography in this” 
sane: revealed obstruction at the level of the first cervical 1 iiterspace. 
—_A review of out awh cases of: atlanro-ovcipital, disineation indicares that 
our r findings have pees much: thes same as reported by other. observers. In 


4 "4 .Y ty Owe 
ore py i ' Nay Nae Mi 4 
he Ava? NY, OO WAN 
‘ AAT ei vs is) 


‘i 


<_< > 





wo bee at 


tase envent Ff the dens i ts Seen c " Same (ise, Anvempnstenoeb beady sey tion Penbiennerant 


ae oe air ease CM ieovee s We: aay na gross” Toland diiphecsued: of ie 
body of the atlas anteriorly, while the odontoid process was tilted dorsally. 

“The views thar were of greatest advantage were rhose made through the 
open mouth, and laminagraphic examinagan of. these cases proved. of 
consilerable assistance by the eliminanion: OF: the overlying. shadows of the 
~ base of the-skall and of the jaws. . lv sueb cases the asymmetry of che lareral: 
“masses Of the first cervical vertebrae became obyious and the lang of the 
pdantoid process could be easily identhed. Tt was noted rhat the adanrid 
process tilted ‘apposite to the ‘disloeated lateral mass and thar the space 
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narrowed. In 1 case (Fig. 250) the tip of the odontoid process could be 
beautifully demonstrated on a lateral roentgenogram and was displaced 
upwards so that it projected 0.5 cm. above the superior aspect of the anterior 
arch of the atlas. 

It was also of interest that the space between the anterior aspect of the 
odontoid and the arch of the first cervical vertebra was within normal limits 
in 5 of the 8 cases observed. 

Atlanto-axial dislocations were observed in 5 cases of metastases to the 
upper cervical vertebra from carcinoma of the breast and 2 from broncho- 
genic carcinomas. In each a forward displacement of the head was observed, 
with loss of rotary motion and extension. Roentgenologic investigations 
disclosed destruction of the atlas or the axis or both, with disruption of the 
joints at the atlanto-occipital and atlanto-axial junctions. Forward dis- 
placement of the first or second cervical vertebral bodies was present in 
all 7 cases. 

Another cause, mentioned in Chapter 4, of atlanto-axial dislocation is 
ankylosing spondylitis or rheumatoid arthritis. Colsen (1949) in reporting 
2 such cases, mentioned that an injury may precipitate the dislocation. 
The occurrence of spontaneous atlanto-axial dislocation in ankylosing 
spondylitis and rheumatoid arthritis was magnificently reviewed by Sharp 
and Purser (1961). ‘They noted that in patients with rheumatoid arthritis 
the gap between the dens and the anterior arch of the atlas might be con- 
sidered as separated if it measured three millimeters, even though a measure- 
ment of up to four millimeters has been found in normal individuals. They 
reported a series of 22 patients with ankylosing spondylitis and 26 with 
rheumatoid arthritis with spontaneous atlanto-axial dislocation. In the 
spondylitic patients some clinical evidence of this displacement was found 
very frequently, but such evidence was absent in a fairly large number of 
patients with rheumatoid arthritis. 
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FRACTURES OF THE [THORACIC SPINE 


Fractures of the thoracic vertebrz follow direct violence causing sudden 
severe hyperflexion, as may occur during an automobile accident or a fall. 
A similar injury may be incurred during athletic accidents, as in footfall 
or soccer. Infrequently, fractures of the upper dorsal spine occur if the 
patient is struck with a heavy object while the head is bent forward and 
the trunk 1s stooped anteriorly. Fractures of the dorsal spine usually are 
of the compression variety, with narrowing of the anterior aspect of the 
involved vertebral body. The most common site is the lower thoracic 
spine, but occasionally upper thoracic spine fractures are observed. Frac- 
tures in the middle thoracic spine are relatively uncommon. Fractures of 
the neural arches and of the spinous or transverse processes of the thoracic 
vertebrz likewise are infrequent. Those of the transverse processes of the 
seventh cervical or first thoracic vertebre are very painful, and often are 
overlooked. Fractures of the thoracic vertebra usually involve the superior 
aspects above the pedicles transversely. Compaction of cancellous bone 
results in some increase in the density of the injured vertebra. If the direc- 
tion of the trauma includes a lateral and rotary force as well as forced 
flexion the resultant fracture produces lateral wedging in association with 
which injury to the ipsilateral pedicle and articular facet may occur. This 
is infrequent in the upper nine or ten thoracic vertebre. The soft tissues 
also participate in the injury, with hemorrhage, laceration of various 
ligaments and resultant instability and dislocation of bony structures. The 
intervertebral disc may be torn. Hemorrhage into the spinal canal, dis- 
placement of bone or disc fragments, or edema consequent to trauma all 
can contribute to compressive spinal cord phenomena. Occasionally vertical 
fractures through the long axis of a vertebral body are seen, and less often 
the fracture involves only the lower aspect of a vertebra. 

Simple minor fractures of a vertebral body usually are of little concern. 
When comminution of fracture fragments occurs, particularly with injuries 
of the neural arches and pedicles, or when dislocations are superimposed, 
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However, compression of thy right ot lefr sides can-only be seen on frontal. 


toentgenograms.. Such fractures were reported by Vogl and Osborne (1940) 


in vertebral compression fractures sustained during convulsions following 
metrasal therapy. Sivilar changes were reported by Krause and Langsam — 
(941), both indicating that the fractures were more common in the upper’ _ 
dorsal spine, The latrer authors reported an incidence of 42.6 per cent-out 
of 73 consecutive cases. Fractures following electric. shock therapy were 
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associated with a disturbance of the intervertebral disc rather than a frac- 
ture, and is of no clinical importance. 

In distinguishing between old healed compression fractures and healed 
nontraumatic lesions of the lumbar spine, Ellis (1944) mentioned that with 
fractures the wedge deformity is roughly preserved. ‘This affects the upper 
half of the vertebral body alone, or the upper half out of proportion to the 
lower half of the body. Increased density of the spongiosa may persist for 
a long time in these patients. He believed that osteophyte production and 
generalized spondylosis did not result from compression fractures of a 
vertebra. Baab and Howorth (1951), however, mentioned that a majority of 
patients with mild compression fractures in the thoracolumbar region, and 
all with a severe type of fracture, eventually had spontaneous anterior bony 
ankylosis. They also noted that patients with mild or severe fractures 
presented posttraumatic thinning of the intervertebral discs. Osteophyte 
formation at the fracture sites could not be correlated with symptoms. 
Patients with spur formations prior to fracture had their symptoms some- 
what longer, but the end results were the same as with other patients. 

Fractures of the transverse processes of the lumbar spine are readily 
identified when there is.displacement of fracture fragments. However, in 
many cases the fracture line are difhcult to identify because of overlying 
soft tissue and gas shadows. In such instances the patient should be 
reprepared and the study repeated, preferably with the aid of a compression 
band to help eliminate overlying gas shadows. Spinous process fractures 
of the lumbar spine are infrequent, but should be considered whenever a 
point of tenderness is found over one of these structures. It is helpful to 
view all lateral lumbar spine films through a bright light to check on the 
spinous processes, inasmuch as these are usually obscured because of rela- 
tive overpenetration. Special cone-down views with a lighter technic may 
be of further assistance. 

A case in which pseudarthrosis followed fractures of the transverse 
processes of the second to fifth lumbar vertebrez was reported by Hyman 
(1945). This patient had pain three months after having been immobilized 
for this injury. Re-examination showed joint formations at the fracture 
sites. At operation these joints were enclosed in a capsule, and section 
through the pseudarthrosis showed a fibrous band between the bony 
masses which prevented union. A comparatively well-organized hyalin 
cartilage covered the joint surfaces. 

Subluxations of the apophyseal articulations of the lumbar spine are 
considered a cause of pain because of the production of tension on the 
capsular ligaments, encroachment of the articular facets on the lumen of 
the intervertebral foramina, and because of erosion and sclerosis of the 
apposing joint surfaces (Hadley, 1935). 

The advantages of pantopaque myelography in investigating penetrating 
wounds of the spinal canal were discussed by Hinkel and Nichols (1946). 
They advocated this procedure because of information made available con- 
cerning the location and actual nature of an injury. Only a small number 
of patients suffering from penetrating wounds have actual perforation of the 
dura and extensive cord damage. More often the injury is in the nature of 
a hemorrhage, dislodged bone chips and infection. All of these may be 
remedied and present a better prognosis than does true destruction of the 
cord or cauda equina. Included among myelographic defects observed after 
spinal trauma are sharply localized, clearly marginated indentations, angula- 
tions of the dural sac with displacement, and feathery irregular filling defects 
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intragluteal furrow. Rectal examination revealed an elastic projection of 
the posterior wall, and the finger could palpate along the fracture line. This 
was considered to be a spurious meningocele following trauma. The mass- 
like lesion disappered under conservative treatment, and no operation was 
deemed necessary. 

A fracture locaton of the sacroiliac joint associated with rupture of 
the symphysis pubis, presumably produced by the force of uterine con- 
traction during labor was reported by Urist (1953). In this patient an as- 
sociated injury to the first sacral nerve root was produced. The plain 
roentgenograms showed the fracture line in the superior aspect of the left 
side of the sacrum adjacent to the sacroiliac joint. Myelography showed 
a displacement of the caudal sac contralaterally. 

Fractures and fracture dislocations of the sacro-coccygeal area are quite 
frequent. They usually follow trauma, and are painful out of proportion 
to the degree of osseous injury. The fracture lines sometimes are difficult 
to identify, and may become more apparent on roentgenograms made some 
eee the See ene The pain may be persistent and require surgical 
relief. 
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TRAUMATIC AVULSION OF NERVE Roots 


Murphy, Hartung and Kirklin (1947) reported 3 cases in which myelo- 
graphic examination of the cervical spine revealed lateral collections of 
pantopaque. These were not lateral extensions of the nerve sheaths, but 
rather pantopaque extending into an area created by rupture of the 
meninges which permitted escape of the opaque medium into the adjacent 
tissues. These authors suggested the term ‘‘traumatic meningocele” even 
though they had no way of stating that the outpouchings actually were 
lined by the meninges. No operative confirmation was made in these 3 
cases. In 1950, Whiteleather and Clayton reported 3 additional cases, 1 of 
which was confirmed at operation. This patient, a fourteen-year-old boy, 
had been struck on the left shoulder and upper arm in a downward direction 
by a whirling airplane propeller, resulting in considerable injury to the soft 
tissues, fracture of the left clavicle and humerus, and loss of motor and sen- 
sory functions in the area innervated by the left brachial plexus. On 
myelographic examination an oval collection of pantopaque was found in 
the lateral aspect of the interspace between the fifth and sixth cervical 
vertebra, the collection being separated from the main body of the pant- 
opaque column within the cervical canal by a hiatus of about 1 cm. A pre- 
operative diagnosis was made of a traumatic avulsion of the left seventh 
and eighth cervical and first thoracic nerve roots with formation of a trau- 
matic meningocele at the level of the sixth left interspace. Exploration of 
the left brachial plexus revealed that the sixth and seventh cervical nerve 
roots were surrounded by a hard, dense scar. The eighth root had been 
pulled through the seventh intervertebral foramen and the torn end was 
found 1 cm. lateral to the foramen. In the other 2 cases, lateral collections 
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of pantopaque were seen outside of the spinal canal, extending into the 
intervertebral foramen. It was deemed inadvisable to operate on the latter 
2 patients. 

The subarachnoid space in the cervical region does not extend beyond 
the axillary pouch. As seen on myelograms the pouch 1s visualized but the 
root sleeve is not. If there is a tear of the axillary pouch the pantopaque 
passes through the intervertebral foramen into a diverticulum-like cavity. 
With avulsion of a nerve root, that structure or its rootlets are torn from 
the spinal cord. Separation of a nerve root implies rupture of its continuity. 
Inasmuch as the nerve roots are more fragile than their investing membranes, 
situations can occur in which the roots are torn but the investing membrane 
remains intact. In such cases myelographic examinations are likely to be 
normal (Jaeger and Whitley, 1953). 

Traumatic avulsions of the lumbar nerve roots are rare. Finney and 
Wulfman (1960) reported such a case secondary to a flexion-abduction 
injury to the hip with concomitant traction damage to the common peroneal 
nerve and the intradural fourth lumbar nerve roots. The myelographic 
picture was comparable to that seen with brachial plexus avulsions. 
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POSTLAMINECTOMY DEFORMITIES 


It has been noted that following bilateral laminectomies changes appear 
in the intervertebral discs and the associated vertebra. Taylor (1927) 
observed that following bilateral laminectomy of the cervical spine, de- 
formities of the intervertebral discs and adjacent vertebral bodies occurred, 
associated with weakness and pain. Horowitz (1941) reported obvious 
deformities following laminectomy of from 2 to 5 vertebre in which the 
spinous processes and laminz on both sides had been removed, but 1n which 
the articular facets had been preserved. These observations, over a period 
of from eight months to fifteen years, revealed changes in the intervertebral 
discs and vertebral bodies in the region of the lumbar laminectomies. These 
were narrowing of the discs, kyphosis and sometimes bony proliferations at 
the margins of the vertebral bodies. 

In 1 of our cases in which a cervical laminectomy had been done for relief 
of an Arnold-Chiari malformation, the patient developed severe pain after 
operation. Radiographic examinations over a period of one year showed 
progressive decalcification and irregularity of the bodies of the second to 
fifth cervical vertebrae. The usual lordotic curve vanished, the interver- 
tebral spaces became irregularly narrowed, and the margins of the involved 
vertebre became irregular. ouarn with orthopedic treatment the cer- 
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vical curve straightened and the vertebral bodies regained their osseous 
densities. Spur formations between the bodies resulted in a stable cervical 
spine after about three years. 
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KUMMEL’S DISEASE 


This condition refers to posttraumatic compression of a vertebral body 
either in the thoracic or lumbar region, which usually is unidentifiable 1m- 
mediately after the injury. The degree of collapse is usually mild, and be- 
comes apparent only several months after the injury (Kimmel, 1895, 1928). 
The process is believed to be secondary to decalcification of bone because 
of interference with the blood supply to the vertebra. According to Schinz 
and his co-workers (1952) this lesion is of practical importance. They 
mentioned that histologic examination of the affected vertebra may reveal 
infractions of the cartilaginous laminz, hemorrhages into the medullary 
tissues and microfractures and necrosis of the trabeculea. The interver- 
tebral discs may also be fragmented, with protrusions of cartilaginous ma- 
terial into the cancellous tissue. They also mentioned that the interverte- 
bral disc eventually may undergo calcification, simulating synostosis of the 
adjacent vertebral bodies. 

here appears to be some difference of opinion as to whether Kiimmel’s 
disease actually represents a true clinical entity. Morton (1943) stated 
that there was still doubt as to its existence, and cautioned against the 
diagnosis unless one were very sure of the facts involved in the history. 
He stressed the sequence of injury, normal roentgenographic examination 
of the spine followed by slow, progressive wedging of an involved vertebra 
associated with pain. 

Fletcher (1947) pointed out that wedging of vertebral bodies occurs as a 
normal variation, and believed that epiphysitis is probably a more common 
cause of plain wedging than compression fractures. While he made no 
direct reference to Kiimmel’s disease, his statistical study of uncomplicated 
wedging in a group of 550 adult male veterans under fifty years of age 1s 
of interest when a diagnosis of Kiimmel’s disease is considered. 

In our own experience we have frequently encountered wedging of the 
thoracic or upper lumbar vertebrz in individuals referred for examination 
of the spine for reasons other than trauma. In such cases we mention 
that the wedging is present, and further state that unless the history 1s 
absolutely characteristic the process is most problably the result of a 
disturbance of the intervertebral discs such as Scheuermann’s disease. 
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PARAPLEGIC NEUROARTHROPATHY 


Following injuries to the spine with consequent paraplegia, neuropathic 
articular and periarticular changes may occur in the lower extremities. As 
pointed out by Solovay and Solovay (1949), these include intraarticular 
destructive and productive changes, and also extra-articular soft tissue 
ossification. They described changes in the lower extremities considered 
representative of Charcot’s neuroarthropathy. The mechanism they postu- 
lated was a long continued pressure over an anesthetic bony prominence 
and lack of warning sensations, which they believed to be equivalent to 
trauma in initiating ossification in periarticular tissues. 

Abramson and Kamberg (1949) noted similar changes in the soft tissues, 
chiefly about the hips, and erosive bone changes around the trochanters. 
They also pointed out an additional change, a spondylitis which appeared 
to be in many ways like rheumatoid arthritis, with frequent involvement of 
the diarthrodial joints. They noted that lesions below the first lumbar 
vertebra were not associated with such changes. With lesions above the 
first lumbar level the apophyseal joints showed varying degrees of fusion, 
some with osteoporosis and some with osteosclerosis of the vertebral bodies, 
others with a combination of the two forms of bony disturbance. The 
believed that the cause of this was a hyperemia of bone followed by decal- 
cification, diminished circulation, and he the osteosclerosis followed loss 
of blood supply due to necrosis of bone. 

Subjective complaints in these patients were not striking because of the 
basic lesion of the cord. Heilbrun and Kuhn (1947) pointed out that ero- 
sive lesions developed where the soft tissues over bony prominences such 
as the trochanters became devitalized. Pathologically, they noted that 
subacute and chronic infection of the tissues appeared overlying the bone, 
with extension to the superficial layers of bone. This leads to resorption of 
the cortex and the underlying trabecula, and the bone marrow becomes re- 
placed by fibrovascular tissue which accompanies a low grade inflammatory 
process. They recognized that the neurogenic influences were probably of 
major importance, even though soft tissue trauma may play an important 
role in the appearance of these changes. 
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SPONDYLOLISTHESIS 


By definition spondylolisthesis indicates displacement of one vertebral 
body on another, usually with disruption of the neural arch of the involved 
vertebra at the pars interarticularis. This occurs most often at the fourth 
and fifth lumbar articulations, less frequently higher in the lumbar spine. 
Meyerding (1938) noted that the displacement was at the lumbosacral 
interspace in 82.1 per cent of 583 cases. In 11.3 per cent the fourth lumbar 
vertebra was displaced. Spondylolisthesis of the third lumbar vertebra 
occurred in 0.5 per cent, and displacement of the second lumbar vertebra 
was found in 0.3 per cent. He also observed two in which the fifth lumbar 
vertebra was displaced on a sixth lumbar vertebra (0.3 per cent) and another 
in which the sixth lumbar segment was displaced anteriorly on the first 
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sacral vertebra. In five cases (0.9 per cent) there was a double spondylo- 
listhesis with displacement of both the fourth and fifth lumbar vertebrz. 
Reverse spondylolisthesis, with posterior displacement of the involved 
vertebra, was observed in 26 cases (4.4 per cent), usually at the lumbosacral 
interspace. Spondylolisthesis occurring in the cervical spine will be con- 
sidered as a separate entity. 

In a rather limited number of cases spondylolisthesis occurs without a 
defect in the neural arch. This occurs more often in patients with exagger- 
ated lumbar lordotic curves together with malacic diseases, osteoporosis and 
spondylosis. Changes in the inclination of the articular facets permits a 
forward displacement of one vertebra on another. 

The origin of the defect in the pars interarticularis with spondylolisthesis 
has caused much speculation. It appears that present evidence favors a 
traumatic origin rather than a failure of fusion of two centers of ossification. 
Bowman and Goin (1926) believed that infantile or birth trauma with 
actual fractures or local osteochondrovascular disturbances of the neural 
arch were the initiating factors. Chandler (1931) mentioned that ossification 
of the pars interarticularis progressed by the formation of cyst-like spaces 
within a thin shell of bone. The pars interarticularis, consisting mainly 
of cartilage and a large lake of blood vessels during the period of early 
ossification, was considered particularly susceptible to fracture. In an 
investigation of two hundred fetal spines Batts (1939) found that there 
were none with separated neural arches, and postulated that if the lesions 
were congenital such defects might be anticipated in about the same number 
of fetal spines as seen later in life, approximately 5 per cent. Rowe and 
Roche (1953) did not find a single example of a defective neural arch in 
over 500 stillborn and neonatal cadavers. Lerner and Gazine (1946) 
favored the idea that isthmic defects resulted from trauma in early life, and 
commented that fracture through cartilage heals by pseudarthrosis rather 
than be callus formation. Hadley (1945) mentioned that bony callus was 
frequently seen as a mass projecting into the spinal canal from the lamina, 
and believed this to be derived from a break in the lamina. Mutch (1956) 
described the pattern of ossification in the vertebral arches, noting that the 
fifth ossifies later than the first. He, too, favored the traumatic etiology of 
clefts in the pars interarticularis. 

Clefts in the pars interarticularis, while often associated with spondylo- 
listhesis, occur without displacement of the involved vertebral body. This 
condition is referred to as spondylolysis or spondyloschysis (Rhodes and 
Colangelo, 1946). The term prespondylolisthesis has sometimes been 
applied to the situation. An interesting mechanism for the production of 
spondylolysis was postulated by Nathan (1959). He found 19 cases in a 
series of 450 skeletons. In typical instances the lower lumbar vertebrae were 
involved. The clefts in the isthmus were located between the downward 
projecting inferior articular processes of the vertebra above and the upward 
projecting superior articular processes of the vertebra below. Such clefts 
appeared to be produced by compression of the isthmuses between these 
articular processes by a sort of pincers mechanism. Preceding bony ab- 
normalities or congenital lesions were not found. He observed skeletons 
in which the development of the spondylolysis stopped before total separa- 
tion of the vertebral arch occurred, with marked depressions on the upper 
and lower surfaces of isthmuses precisely at the site of contact with the 
articular processes of the adjacent vertebre. We have observed four 
instances 1n which lumbar spine radiologic examinations in children from 
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one to three years of age disclosed somewhat similar waist-like narrowing in 
the pars interarticularis of the fifth lumbar vertebra. 

According to Brailsford the term prespondylolisthesis, as described by 
Armitage Whitman, also may be applied when the lumbosacral angle 
approaches ninety degrees. It was considered that such an exaggerated 
lordotic curve may precede dislocation. Brailsford felt that this term was 
unfortunately chosen because exaggerated lumbosacral angles occur in a 
wide variety of conditions unassociated with spondylolisthesis, such as 
neglected rickets, osteomalacia and osteogenesis imperfecta. The use of 
the term prespondylolisthesis to refer either to a cleft neural arch or to an 
exaggerated lumbar lordotic curve is unsuitable, inasmuch as in neither is 
spondylolisthesis a necessary concomitant. An anatomic reference appears 
a more satisfactory way of describing such changes, and avoids the un- 
founded supposition that another pathologic entity may in time be super- 
imposed. 

The anatomic changes seen with spondylolisthesis at operation include 
looseness of the lamina, permitting it to be rocked back and forth to a 
variable degree. Some, with lesser mobility, are bound down by fibrous 
ankyloses, with ill defined masses of fibrous tissue merging imperceptibly 
with the adjacent ligaments. Mucoid degeneration occurs at these sites, 
and the bulging of soft tissue towards the intervertebral foramina and 
spinal canal may be considerable. ‘The foramina become distorted, and the 
nerve roots in proximity to the displaced inferomedial wall of the superior 
pedicle may be bound down by adhesions. A step formation forms as the 
vertebra is displaced. The disc may be considerably narrowed. The dura 
makes a double bend as it follows the angulated spinal canal, and becomes 
adherent to the lamina and ligamenta flava. The cauda equina may be 
stretched quite tautly across the step. When this is accompanied by a 
narrow lumbar canal and distorted lateral recess of the spinal foramen, small 
discal herniations or spondylotic spurs may produce disproportionate 
symptoms. 

The incidence of spondylolisthesis has been variously reported as between 
3.5 per cent (George, 1939) and 5 per cent (Bailey, 1947). Bailey mentioned 
that among 2080 lateral lumbosacral roentgenograms in unselected cases, 
4.4 per cent showed isthmic defects. Only 0.5 per cent of these complained 
of low back pain. He concluded that it was incorrect to assume that 
spondylolisthesis or its presumed precursors in any way were connected 
with recent trauma. Garland and Thomas (1946) mentioned that in army 
and navy personnel spondylolisthesis occurred in as many as 10 per cent 
of cases of low back pain referred for roentgen examination. 

Spondylolisthesis has also been reported with far less frequent con- 
genital defects of the neural arch. Included among these by Roche and 
Bryan (1946) are congenital lengthening of the pars interarticularis, con- 
genital shortening of this region and defects involving one side only of the 
. neural arch. The mechanism for dislocation of a vertebral body in the 
presence of a unilateral defect in continuity of the neural arch was ex- 
plained on the basis of a congenitally elongated pars interarticularis on 
both sides. Brocher (1950) mentioned that spondylolisthesis also occurs 
because of abnormalities of the articular facets. Heredity was considered 
one of the causes of spondylolisthesis. Bailey (1947) also believed that 
heredity played a definite role, and added 3 cases of hereditary transmission 
to the case described by George (1939). 

The youngest case of spondylolisthesis was reported by Kleinberg (1934) 
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the pars interarticularis and in occasional instances small spur-like forma- 
tions at these margins may be observed. It is possible that arthritic changes 
at the apophyseal joints of the fourth and fifth lumbar vertebrz afford an 
additional cause for low back pain. I believe that this occurs in a fairly 
large percentage of cases. 

he appearance of the intervertebral disc with spondylolisthesis 1s 
worthy of comment. In early cases of grade 1 spondylolisthesis, the disc 
frequently is perfectly normal. However, with wear and tear, progressive 
degeneration of the annulus fibrosus and disruption of the fibrocartilage 1s 
followed by narrowing. This 1s first manifest in the posterior aspect of 
the intervertebral disc. Later, the disc may become reduced to only a 
thin wafer-like structure. It is believed that discal degeneration is one of 
the major factors in the progressive shpping of the involved vertebra. 

In discussing cases of spondylolisthesis which have come to surgica 
treatment, one is impressed with the observation that there is great varia- 
bility in the degree of fixation of the supposedly separated neural arch. In 
some cases ny orthopedic colleagues have mentioned that the neural arch 
was readily moved tok after the spinous process had been exposed sur- 
gically, and this was believed to be an indication of instability of the under- 
lying vertebra as well. In other instances it was the opinion of the operating 
surgeon that relatively little, if any, instability existed because traction 
and pulling on the exposed spinous process barely moved the neural arch 
at all Woolsey (1954) reported relief of pain in 7 cases of spondylolisthesis 
after surgical excision of the movable neural arch. Todd and Gardner 
(1958) favor simple excision of the unattached lamina as the operation of 
choice, and regard fusion as unnecessary. 

It is well known that many individuals have a first degree spondylo- 
listhesis with no pain whatsoever, and that following trauma or prolonged 
strain symptoms may become apparent and aggravated as the degree of 
instability of the lumbosacral spine increases. A radiologic picture re- 
sembling that of spondylolisthesis occurs in individuals with fractures of 
the pedicles and laminz. One of our patients fell off a scaffold and suffered 
fractures of the laminz of the fourth lumbar vertebra. Soon thereafter he 
developed a grade 2 spondylolisthesis. It was postulated that this patient 
probably had a weakened intervertebral disc which facilitated the gliding 
of the fourth over the fifth lumbar vertebra. The fifth lumbar interspace 
was narrowed, and there was posterior displacement of the fifth on the first 
sacral vertebra measuring 0.5 cm. The latter probably predated the injury. 
Another seven-year-old boy who fell under a roller coaster suffered a fracture 
of the pars interarticulasis of the fourth lumbar vertebra, and had a grade 2 
spondylolisthesis. 

Spondylolisthesis is accompanied by deformity of the spinal canal varying 
mainly with the extent of slippage. With grade 1 spondylolisthesis there 1s 
only a slight angulation of the anterior aspect of the dural sac as it passes 
over the lip of the subjacent vertebra. Little deformity occurs in the lateral 
aspects of the pantopaque column, and the axillary pouches are not dis- 
turbed. With further forward displacement a more pronounced step 
deformity appears in the anterior aspect of the pantopaque column, and its 
dorsal aspect becomes deformed in an opposite direction because of pressure 
from the neural arches. This results in a waist-like deformity, with a 
relatively narrow channel at the level of the involved intervertebral disc. 
In the frontal projection a variable bilateral indentation into the pantopaque 
column is apparent. It is important to realize that spondylolisthesis pro- 
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level of the spondylolisthesis is due mainly to pinching of the dural envelope 
by the displaced vertebra. This is heightened by the presence of a narrow 
spinal canal, spondylotic ridges, thickening of the ligamentum flavum and 
any hypertrophic change present at the region of the cleft in the pars 
interarticularis or thickening of the neural arch. Preoperative myelography 
is advisable if there 1s question as to caudal sac compression. 
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REVERSE SPONDYLOLISTHESIS 

In this condition a posterior displacement of the body of a lumbar ver- 
tebra on the vertebra beneath results from an anatomic variation in the 
articular facets between these structures. As a rule, the displacement 
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occurs at the lumbosacral joint, and 1s only moderate. It is associated 
with downward and posterior alteration in the alignment of the lumbosacral 
articular facets. As originally reported by Johnson (1934), there were 12 
such cases out of 126 with spondylolisthesis observed by him. He esti- 
mated the incidence of this condition as about 10 per cent. Seven of his 
12 cases had narrowed intervertebral discs. Smith (1934), who reported 
the same condition, also believed that the displacement was the consequence 
of anatomic variations in the lumbosacral articular facets. Both agreed 
that if the degree of displacement was sufficient, sciatica might result from 
nerve root pressure. Smith, who reported 56 cases, mentioned that trauma 

layed a secondary role. Degeneration of the intervertebral disc as well as 
foo oosening of the associated ligaments and frequent small traumas were 
considered by De Veer (1935) as important in the development of reverse 
spondylolisthesis. He, too, concurred that apophyseal joint derangements 
were the important factors in the origin of this condition. 

An interesting group of 77 cases of vertebral retroposition was reported 
by Gillespie (1951). These were encountered in a series of 493 cases of 
lumbosacral disc protrusions confirmed at operation. All involved the 
lumbosacral articulation. Thirty-five cases had more detailed examina- 
tions, and it was found that the average backwards displacement ranged 
from 0.3 to 0.9 cm. The majority of his cases showed an anteroposterior 
type of articular facet. Gillespie noted that retroposition may occur at 
any level, most often the lumbosacral and the cervical regions. The con- 
dition may occur with arthritis, protruded discs, degeneration of the inter- 
vertebral cartilages, infection and trauma. He did not consider it a cause 
of backache. 

Fletcher (1947) noted a high incidence of degenerative changes in the 
posterior fibers of the annulus fibrosus as well as advanced degenerative 
disc disease with this condition. He stressed the importance of weakening 
of the intervertebral disc in the genesis of retroplacement of the fifth lumbar 
vertebra. He noted that there was no exaggeration of the lumbosacral 
angle, and that the apophyseal joints were principally of a frontal type 
directed downwards and backwards. In his opinion disease of the fibers 
of the annulus fibrosus came first, followed by posterior displacement as a 
mechanical consequence. 

It has been mentioned that improperly positioned films of the lumbo- 
sacral articulation may simulate reverse spondylolisthesis. Wallis (1935) 
reported on the examination of 50 consecutive museum skeletons. From 
analysis of the apposing lumbar and sacral surfaces he noted that a frequent 
difference existed in the anteroposterior depth of the fifth lumbar vertebra 
and the first sacral vertebra. The anteroposterior diameters were equal in 
34 per cent of his cases, while the remaining 66 per cent showed that the 
sacral diameter was from ; to } inch shorter than the lumbar diameter. 
Posterior displacement of the lumbar segment could therefore be attributed 
to the relative shortening of the sacral diameter. This posterior overlap 
was illusory, and was not a cause of pain. Melamed and Ansfeld (1947) 
also found that technical errors might simulate this condition. Neverthe- 
less, they considered it a true pathologic entity, the origin of which may lie 
in degenerative processes, trauma, various inflammatory diseases or con- 
genital anomalies. In this connection the comment of Roche and Bryan 
(1946) that a reverse spondylolisthesis in the presence of an intact neural 
arch and posterior articulation may be the result of congenital shortening 
of the pars interarticularis is of interest. 
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Posterior displacement of a vertebra was mentioned as an early sign of 
tuberculous spondylitis of the lumbar spine by Hagelstam (1947). He 
observed that laxity of vertebral fixation which results from destruction of 
a disc permits slight displacement of the vertebra in the horizontal plane. 
A retroposition of less i 1 cm. of one or more vertebrz areeate in 5 
out of 45 patients with lumbar spine tuberculosis. In all cases except 1 
a narrowing of the intervertebral Ge also was present. In 1 case of tuber- 
culosis in an osteoporotic spine the vertebral retroposition was the only 
diagnostic radiographic sign. Hagelstam also reported a case in which the 
causative disc lesion was due to staphylococcic infection. 

We also have observed reverse spondylolisthesis occasionally. In most 
cases this was unassociated with pain which might be attributed to the 
condition, and as described by others, was accompanied by narrowing of 
the intervertebral disc and coronal position of the articular facets. One 
case was of particular interest. This was a sixty-seven-year-old woman in 
whom reverse spondylolisthesis was present at the level of the fourth and 
fifth lumbar vertebrez, with a posterior displacement of the fourth of 1.4 cm. 
The condition was identified on a lateral film of the abdomen made during 
the course of a gastrointestinal examination. On the anteroposterior view 
a marked narrowing of the third and fourth lumbar intervertebral discs was 
seen. A heavy bony spur was present on the inferior surface of the third 
lumbar vertebra and the superior surface of the fourth on the right side. 
An equal degree of narrowing was noted at the fourth lumbar interspace 
on the left side. On lateral views the lumbar lordotic curve was straightened. 
In addition to the reverse spondylolisthesis at the fourth interspace, a slight 
posterior displacement of the third on the fourth lumbar vertebra was 
present. The articular facets between the fourth and fifth lumbar vertebre 
as seen on the lateral view were concave anteriorly. Those between the third 
and fourth lumbar vertebre were atypical in that the right apophyseal 
joint was partially anteroposterior in configuration. The rotation of both 
the third and fourth lumbar vertebrz occurred on the coronally placed 
apophyseal joints. 
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PsEUDOSPONDYLOLISTHESIS 


This condition is predicated upon displacement of a vertebral body an- 
teriorly because of weakening of the apophyseal joints producing a forward 
inclination of the inferior articular facets, with consequent forward dis- 
placement of the suprajacent vertebra. The neural arch remains intact, 
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CERVICAL SPONDYLOLISTHESIS 


A case of spondylolisthesis of the sixth on the seventh cervical vertebra 
was reported by Perlman and Hawes (1951) in an adult patient with bi- 
lateral pedicle defects. Kornblum, Clayton and Nash (1952) observed 
that the acute stage of rheumatoid arthritis might be accompanied b 
hyperemia and capsular distention of the cervical joints, together with 
deforming muscle spasm. This may produce dislocations of the various 
cervical segments. They reported 4 cases to stress that lower cervical 
spine as well as atlanto-axial dislocations may occur with this condition. 
In 1 case (case 3) they described a slight anterior dislocation of the fifth 
on the sixth cervical segment. The initial displacement was only 2 or 3 
mm., but six months later it was a full 2 cm. forward, with about a 30-degree 
kyphotic and right lateral angulation and marked encroachment on the 
neural canal. Wide separation of the apposing articular surfaces of the 
posterior articulations at this level were noted, with marked erosion of the 
superior articular facets of the sixth vertebra. This was reduced by skull 
traction, and repeat roentgenograms one year later showed only minimal 
posterior displacement of the fifth cervical vertebra, with narrowing of 
the fifth cervical interspace. The articular facets were recalcified, with 
partial fusion of their surfaces. 

We have noted that advanced cervical spine spondylosis, with increased 
cervical lordosis and prominent dorsum rotundum not infrequently is ac- 
companied by a slight but fairly definite forward slip of the fifth or sixth 
cervical vertebra. This represents the cervical equivalent of the pseudo- 
spondylolisthesis seen in the lower lumbar spine. 

In our cases the condition was asymptomatic. However, in patients 
with a considerable spurring along the dorsal aspect of the discs such a slip 
might prove important when symptoms of cord pressure appear. The so- 
called ridge syndrome of spondylosis may be heightened if a forward dis- 
placement of one of the lower cervical segments appears. 
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UNCOMMON Forms OF VERTEBRAL DISPLACEMENT 


Displacement of the vertebral body in cretinism occurs occasionally when 
there is hypoplasia and posterior displacement of the first lumbar body. 
However, this does not qualify as a true displacement, but rather is an 
unstable arrangement of the lumbar vertebrz with an incomplete develop- 
ment of the anterior aspect of the involved vertebra, giving rise to a gibbus- 
like configuration. Similar changes may be observed with gargoylism and 
achondroplasia. 
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Diseases of the Intervertebral Discs 


JuvENILE KypHosis DorSALIS (SCHEUERMANN’S DISEASE) 


This condition was first described by Scheuermann (1936) as an osteo- 
chondrosis, predominantly of the middle, lower thoracic and the upper 
lumbar vertebre. He ascribed this to deficient epiphyseal growth of the 
vertebrz, occurring more often in females between the ages of ten and 
fourteen years. Schmorl objected to the term ‘“‘vertebral epiphysitis” as 
designating the apophyseal line as an epiphyseal line, inasmuch as it 1s not 
a true growth epiphysis. Schmorl pointed out that vertebral growth 
occurred on the spongiosa side of the cartilage end plates, which are the 
true growth zones. He held that weakening and thinning of this growth 
zone together with herniations of the intervertebral disc, with resultant 
decrease in the anterior height of the vertebral body, was the primary cause 
of this disease. It has been established that the ring apophyses play no 
part in the growth of the vertebral body, and that disturbances 1n this 
structure visualized roentgenologically are the result rather than the cause 
of juvenile kyphosis. 

MacGowan (1944) pointed out that with adolescent kyphosis the nucleus 
ulposus is disrupted before ossification of the vertebral body is complete. 
his destruction may be caused by failure of the cartilaginous disc to 

retain the nucleus, or by softening of the vertebral body. When this 
happens the weight-bearing function is transferred to the vertebral bodies 
anteriorly and the axis of motion to the posterior vertebral elements. 
Increased pressure results at the anterior borders of the vertebral bodies 
when the spine is in flexion. If the patient is adolescent, the epiphysis will 
be subjected to trauma and abnormal ossification follows. Premature 
closure of the epiphyses, failure of anterior vertebral ossification and 
wedging of the bodies constitute the end results. MacGowan’s experience 
differed from others in that his patients were predominantly male. Ratton 
(1948) studied juvenile kyphosis by means of serial films of growing chil- 
dren. He concluded that this disease retarded vertical growth of the verte- 
bral bodies involved. This resulted in an intact rectangular shape with 
diminished height in some, while in others narrowing anteriorly produced 
wedge-shaped deformities. He considered Scheuermann’s disease as an 
obscure disturbance of growth involving either the entire surface or only a 
portion of the vertebral body. 

The association of spinal extradural cysts and kyphosis dorsalis juvenalis 
was described by Cloward and Bucy (1937). These authors believed that 
the changes in the vertebrz were not of an inflammatory nature, and did 
not predominantly or selectively involve the vertebral epiphyses. They 
stated that the many vascular channels in the epidural space comprising 
the vertebral circulation may become occluded by the pressure of a cyst 
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INTERVERTEBRAL Disc INJURIES 


Disc Puncture.—In view of the frequency with which lumbar puncture 
is performed for myelography and discography, it is worth reviewing the 
possible hazards of this procedure. It is known that perforation of the 
posterior spinal ligament may be followed by changes in the intervertebral 
disc. Pease (1935) observed discal narrowing after needle puncture through 
the posterior spinal ligament. Progressive narrowing of a lower lumbar 
intervertebral space and Schmorl’s nodes were noted by Gellman (1940) 
on successive roentgenograms of a fourteen-year-old girl who had had a 
spinal tap followed by severe pain and lumbar hyperextension. Epps (1942) 
also reported a case of degeneration and collapse of an intervertebral disc 
following lumbar puncture, which he attributed to aseptic degeneration. 
Three similar cases were described by Everett (1942). Downing (1944) 
reported 2 cases in which the intervertebral disc collapsed following opera- 
tion under spinal anesthesia. He mentioned that if the needle were inserted 
so that it did not enter the subarachnoid space, and was further advanced 
so that it penetrated the annulus fibrosus and entered the disc in its lateral 
aspect, escape of nuclear material sometimes was followed by degeneration 
and collapse of the disc. In his opinion the increased flexion position used for 
lumbar puncture increased the possibility of such injuries. In his second 
case discal collapse occurred in a period of not more than sixteen days, too 
short a time for purely degenerative changes and probably better explained 
by escape of nuclear component. Baker (1947) observed narrowing of an 
intervertebral disc in a four-year-old boy after a spinal tap. Severe back- 
ache and rigidity of the spine appeared within a few days after lumbar 
puncture. Serial roentgenograms showed relatively rapid narrowing of the 
intervertebral disc. 

In an experimental investigation of intervertebral disc lesions in dogs, 
Key and Ford (1948) found that after the discs had been punctured once 
by a 20-gauge needle, an atypical protrusion of the nucleus pulposus oc- 
curred in one instance. Congdon (1952) punctured the intervertebral discs 
in 13 rabbits, and observed that this was followed by regeneration of nucleus 
pulposus cells which presented some resemblance to neoplasm. In rabbits 
which survived from six to over ten months after such puncture, gelatinous 
nodules of nucleus pulposus cells were found in the adjacent soft tissues. 
Dripps and Vandam (1952) concurred that trauma to the annulus fibrosus 
may be followed by herniation of the nucleus pulposus. They stated that 
they had seen gelatinous material drop from the needle which had entered 
the nucleus pulposus of a fourteen-year-old girl who moved inadvertently 
as the needle was being advanced during a spinal tap. 

On the other hand, Gardner, Weiss, Hughes, O’Connell and Weiford 
(1952) asserted that the small bore of the needle used to perforate the 
posterior spinal ligament for discography was not likely to damage either 
the ligament, the annulus fibrosus or the nucleus pulposus. Erlacher 
(1952), who suggested a lateral approach to the nucleus sulposue bypassing 
the neural sac, also was of the opinion that the small gauge of the needle 
used did not increase the danger of nuclear protrusion. Cloward (1959) 
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reported that no case of rupture of a normal intact disc followed discography 
in his series of over 450 lumbar discograms over an eight year period, and 
he regarded the fear of injury to a normal disc by needle puncture as 
unfounded. De Seze and Levernieux (1952) reported that a review of 59 
patients who had had discography showed that thirteen had collapsed discs 
attributed to necrosis due to puncture and instillation of contrast material. 

Among the other hazards which may be encountered during lumbar 
puncture, but which are quite uncommon, are hemorrhage into the cauda 
equina (Hammes, 1920), the formation of epidural hematomas and menin- 
geal irritations caused by entrance of blood into the spinal subarachnoid 
space. Damage to vessels accompanying nerve roots may produce ischae- 
mia of these structures. 

Our own experience in this respect is limited to patients who had spinal 
taps for myelography. Included in the approximately 3000 myelograms 
were several cases in which the needle had been forcibly pushed into the 
intervertebral disc because of sudden uncontrolled movements by the 
patient. None developed untoward reactions to this trauma. We have 
no personal experience with discography, because up to the present we 
do not feel that the procedure adds enough to diagnosis to warrant even 
the slight risk of multiple punctures. 
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Disc INFECTIONS 


Inasmuch as the normal intervertebral disc is avascular, hematogenous 
infections are rare. However, extension of an inflammatory process from 
adjacent bone through a crevice in the cartilaginous plate may occur, and 
probably explains the rapid degeneration of disc tissue seen with extensive 
osteomyelitis of the vertebral column. In those instances in which some 
vascularization of the disc is present because of a degenerative process, it 
is conceivable that a hematogenous infection may occur. However, no 
such cases have been clearly identified. It is generally agreed that infection 
of the disc is incident to infection in the adjacent bone. From the radiologic 
point of view, it may be extremely difficult, if not impossible, to detect a 
minimal osteomyelitis, so that the initial radiologic change may be a pro- 
gressively decreasing height of an intervertebral disc. 
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In tuberculosis of the spine the intervertebral discs are somewhat re- 
sistant, but eventually succumb to the destructive process. The progress 
of such destruction is variable, and may be accompanied by a wide variety 
of change in which bone destruction is first seen. Then, as the lesion pro- 
gresses, various discal deformities appear as destruction advances. Finally 
the disc may practically disappear. At the end stages in favorable cases 
when bony fusion occurs, the intervertebral disc may no longer be identi- 
fied. When a tuberculous focus is initially implanted adjacent to the 
anterior spinal ligament, the intervertebral disc may become involved 
relatively early by spread of the infection behind these ligaments. 

Brucellosis may cause relatively rapid destruction of an intervertebral 
disc which may proceed to total disappearance (Di Rienzo, 1944). 

Direct infection can be introduced into the intervertebral disc during lum- 
bar puncture for diagnostic purposes or discography. Another more fre- 
quent association of intervertebral disc infection is that with surgery for 
herniated discs. The rate of progression of the infection varies considerably, 
and is preceded by severe lumbar pain for a few days to several weeks after 
operation. At first no specific changes can be identified radiologically. As 
the infection progresses the involved intervertebral disc becomes narrowed, 
and the bone on either side loses its trabeculation, assuming a washed-out 
appearance. It is presumed that the original infection in postoperative 
discal herniation patients is in the bone. Healing is slow and 1s accompanied 
by later development of peripheral osteophytes, mainly on the anterolateral 
aspect of the involved vertebrz. 

A benign form of osteitis of the vertebre in children was reported by 
Bremner and Neligan (1953). They described seven patients, all under 
three years of age, with fever, limp, stiff back with painful spasm and 
limited hip motion. Symptoms increased in severity for about five to six 
weeks, then became stationary or improved. Radiographic examination of 
the spine disclosed narrowing of the disc space, with erosion of the adjacent 
margins of one or both vertebra. Recalcification was observed on serial 
study. 

Ghormley, Bickel and Dickson (1940) described a presumable acute 
infectious lesion of the intervertebral discs, characterized by clinical signs 
of infection of a mild nature, with backache, spasm and tenderness over the 
affected areas. These authors stated that the intervertebral disc at first 
remained unaltered, but later diminished in height. The narrowing per- 
sisted for several months, and then bony proliferation appeared at the 
margins of the involved vertebrz. In some of their cases bony fusion oc- 
curred. In others paravertebral soft tissue thickening appeared. They 
believed that if osseous involvement became evident, osteomyelitis probably 
was the diagnosis. 

In a discussion of intervertebral disc lesions in children and adolescents 
(Key, 1950), it was mentioned that low back pain and sciatica were rare. 
When low back pain did occur, it was attributed to an inflammation of the 
disc. The spine roentgenograms in these patients showed nothing abnormal, 
unless congenital abnormalities were present, in themselves not responsible 
for either low back pain or sciatica. 
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do not feel that the procedure adds enough to diagnosis to warrant even 
the slight risk of multiple punctures. 
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Inasmuch as the normal intervertebral disc is avascular, hematogenous 
infections are rare. However, extension of an inflammatory process from 
adjacent bone through a crevice in the cartilaginous plate may occur, and 
probably explains the rapid degeneration of disc tissue seen with extensive 
osteomyelitis of the vertebral column. In those instances in which some 
vascularization of the disc is present because of a degenerative process, it 
is conceivable that a hematogenous infection may occur. However, no 
such cases have been clearly identified. It is generally agreed that infection 
of the disc is incident to infection in the adjacent bone. From the radiologic 
point of view, it may be extremely difficult, if not impossible, to detect a 
minimal osteomyelitis, so that the initial radiologic change may be a pro- 
gressively decreasing height of an intervertebral disc. 
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In tuberculosis of the spine the intervertebral discs are somewhat re- 
sistant, but eventually succumb to the destructive process. The progress 
of such destruction 1s variable, and may be accompanied by a wide variety 
of change in which bone destruction 1s first seen. Then, as the lesion pro- 
gresses, various discal deformities appear as destruction advances. Finally 
the disc may practically disappear. At the end stages in favorable cases 
when bony fusion occurs, the intervertebral disc may no longer be identi- 
fied. When a tuberculous focus is initially implanted adjacent to the 
anterior spinal ligament, the intervertebral disc may become involved 
relatively early by spread of the infection behind these ligaments. 

Brucellosis may cause relatively rapid destruction of an intervertebral 
disc which may proceed to total disappearance (Di Rienzo, 1944). 

Direct infection can be introduced into the intervertebral disc during lum- 
bar puncture for diagnostic purposes or discography. Another more fre- 
quent association of intervertebral disc infection is that with surgery for 
herniated discs. The rate of progression of the infection varies considerably, 
and is preceded by severe lumbar pain for a few days to several weeks after 
operation. At first no specific changes can be identified radiologically. As 
the infection progresses the involved intervertebral disc becomes narrowed, 
and the bone on either side loses its trabeculation, assuming a washed-out 
appearance. It is presumed that the original infection in postoperative 
discal herniation patients 1s in the bone. Healing 1s slow and is accompanied 
by later development of peripheral osteophytes, mainly on the anterolateral 
aspect of the involved vertebrz. 

A benign form of osteitis of the vertebrz in children was reported by 
Bremner and Neligan (1953). They described seven patients, all under 
three years of age, with fever, limp, stiff back with painful spasm and 
limited hip motion. Symptoms increased in severity for about five to six 
weeks, then became stationary or improved. Radiographic examination of 
the spine disclosed narrowing of the disc space, with erosion of the adjacent 
margins of one or both vertebrz. Recalcification was observed on serial 
study. 

Ghormley, Bickel and Dickson (1940) described a presumable acute 
infectious lesion of the intervertebral discs, characterized by clinical signs 
of infection of a mild nature, with backache, spasm and tenderness over the 
affected areas. These authors stated that the intervertebral disc at first 
remained unaltered, but later diminished in height. The narrowing per- 
sisted for several months, and then bony proliferation appeared at the 
margins of the involved vertebre. In some of their cases bony fusion oc- 
curred. In others paravertebral soft tissue thickening appeared. They 
believed that if osseous involvement became evident, osteomyelitis probably 
was the diagnosis. 

In a discussion of intervertebral disc lesions in children and adolescents 
(Key, 1950), it was mentioned that low back pain and sciatica were rare. 
When low back pain did occur, 1t was attributed to an inflammation of the 
disc. The spine roentgenograms in these patients showed nothing abnormal, 
unless congenital abnormalities were present, in themselves not responsible 
for either low back pain or sciatica. 
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THe EFFects oF TRAUMA ON THE INTERVERTEBRAL Disc 


Because of the elasticity of the intervertebral fibrocartilage and the 
cushioning action of the intact nucleus pulposus, the intervertebral disc 
usually is not affected by mild trauma. owever repeated or violent 
injury may produce rupture and fissure of the cartilaginous plates and con- 
sequent extrusion of nuclear material through such rents. Rotary or com- 
pressive trauma may injure the lateral aspects of the annulus fibrosus and 
be accompanied by fracture of the adjacent bone. Injuries to the posterior 
spinal ligament as a cause of posterior protrusion of the nucleus pulposus 
and discal material is a well recognized entity. 

Progressive degeneration and narrowing of the intervertebral disc ma 
follow extrusion of nuclear material. Part of the picture of healing is 
the development of osteophytes along the lateral and anterior margins of 
the involved vertebre. Sclerosis of the apposing bony surfaces of a nar- 

rowed disc, particularly in the lower lumbar area, is frequent. Such changes 

were produced experimentally by Compere and Keyes (1933). They re- 
ported that in dog operations in which the intervertebral disc was opened 
and nuclear material curetted, the discs completely disappeared. The adja- 
cent bony surfaces became markedly sclerosed, with spur formation and 
lipping of the anterior edges. These dogs were sacrificed three months 
after operation, and histologic study revealed that the discs at the site of 
injury had vanished. The bone had become dense, with marked hyperos- 
tosis and new bone formation similar to that seen clinically in cases of 
marked hypertrophic spondylitis. 

With severe trauma to the spine, there may be a complete break through 
the fibrocartilage with shifting of the vertebral bodies for an appreciable 
distance. This is usually associated with fracture dislocations of the in- 
volved vertebre. Wright and Gardner (1952) reported a case of traumatic 
chylothorax incident to dislocation of the sixth on the seventh thoracic 
vertebra. A complete transection of the spinal cord caused the death of 
this patient. 

It 1s well known that in hyperflexion injuries of the neck retropulsion of the 
nucleus pulposus through the posterior spinal ligament into the spinal canal 
occurs, with consequent damage to the cervical cord (Gay and Abbot, 1953). 
The projected nucleus pulposus may return to its normal position. Such 
cases have been reported by Taylor and Blackwood (1948), Schneider (1951), 
and Cramer and McGowan (1944). It 1s worth recounting the case reported 
by Brooke (1944), in which a patient was admitted with a complete flaccid 
paralysis below the fifth cervical segment, with loss of sensation of all 
modalities below the sixth cervical segment. Necropsy fifteen days after 
admission showed defective and frayed posterior spinal ligaments, with 
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posterior protrusion of a calcified nucleus pulposus which had impinged 
against the spinal cord, producing a soft defect in the lower cervical region. 
These authors noted that when the head was flexed slightly, this irregularly 
calcified intervertebral disc would bulge about 1 cm. into the spinal canal. 
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DEGENERATIVE ALTERATIONS IN THE INTERVERTEBRAL Disc 


Although degeneration of the intervertebral disc was considered in the 
chapter on spondylosis, the importance of these changes make it advisable 
to review briefly their anatomic and radiologic characteristics. The inter- 
vertebral discs are enveloped by the annulus fibrosus, which 1s thickest in 
its anterior portion where it blends with the anterior spinal ligament. The 
annulus 1s formed by fibrous and elastic lamella, with irregularly scattered 
cartilaginous cells attached to the adjacent bone by Sharpey’s fibers. 
These are arranged in an oblique and spiral fashion, extending from one 
vertebral body to another, with considerable variation in the anatomic 
placement of their lateral aspects. The posterior portion of the annulus 
fibrosus is its weakest. In some instances the structure may be so poorly 
defined as to present breaks in continuity. Encased within the annulus 
fibrosus lies the nucleus pulposus, an elastic, gelatinous, almost lozenge- 
shaped structure which merges imperceptibly with the annulus fibrosus. 
In childhood and early adult life this structure is relatively smooth and 
homogeneous. Its turgor and elasticity are best during the early years of 
life. The cellular components of the nucelus pulposus are mostly fibroblasts 
and cartilage cells together with notochordal remnants. Above and beneath 
the nucleus pulposus, forming respectively the superior and inferior surfaces 
of the vertebrz are the cartilage plates. These are thickest centrally, and 
merge with the annulus fibrosus peripherally. Under normal circumstances 
the plates are complete, but small crack-like defects are quite frequent. 
Through these perforating fissures may project cancellous bits of bone, or 
fragments of the nucleus pulposus may enter into the vertebral bodies. 
Normally the disc is avascular, receiving its nutrition by means of perfusion, 
a process aided by the presence of lymphatics at the junction of bone and 
cartilage. With advancing age and in the presence of degeneration, some 
degree of vascular intrusion may appear. 

Although degenerative changes of the intervertebral disc have long been 
known, today’s knowledge stems mainly from the work of Schmorl and his 
co-workers. This was recounted in detail in the classical monograph by 
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Schmorl and Junghanns (1957, fourth edition). An excellent brief review 
of the normal and pathologic intervertebral disc was published by Coventry, 
Ghormley and Kernohan (1945). 

Progressive degenerative structural changes of the intervertebral discs 
are closely related to fluid loss, with consequent alterations of turgor and 
elasticity. The hydration of intervertebral discs 1s greatest in the neonatal 
period, and diminishes slowly thereafter. A relatively more rapid loss of 
fluid content is noted for a short time during infancy. Thereafter the rate 
of dehydration 1s relatively slow until about the third decade, when the 
process of dehydration becomes accelerated. The borderline between the 
normal and abnormal at this stage is incident to the wear and tear of living. 
With advancing degeneration of the intervertebral disc one notes a gradual 
dissolution and atrophy of the annulus fibrosus with progressive softening 
and weakening of its structure. Necrotic changes may appear in the 
anterior portion of the annulus fibrosus weakening the ring and permitting 
prolapse of nuclear material. The nucleus pulposus likewise loses its 
gelatinous turgor because of loss of fluid, and in association with weakening 
of the annulus fibrosus and changes in the cartilaginous plates, the lozenge 
shape of the nucleus pulposus alters. These changes were well described 
by Frlacher (1952), who correlated the anatomic and radiologic appearance 
of the nucleus pulposus by means of a staining technic combined with 
radiography. He identified five principal forms, including a normal globular 
nucleus, a lobed nucleus with a few large lobulations which he considered 
normal in adults, a simple branched nucleus with long narrow limbs, which 
appeared to be predisposed towards herniation. He also mentioned a 
multiple branched nucleus with a small central shadow and several exten- 
sions considered a transitory form of degeneration in which prolapse was 
likely to occur. The fifth form was the spread nucleus with many branches 
in all directions instead of a single central shadow. This last type repre- 
sented a typical degenerated disc, and was most often associated with a 
narrow intervertebral disc space. In such an instance, herniation was no 
longer anticipated. 

An integral part of the process of degeneration takes place in the carti- 
laginous plates. In the earliest stage, fissures appear in the plates per- 
mitting protrusion of small bits of nucleus pulposus. With advancing 
changes, sometimes precipitated by injury, fractures of the end plates may 
appear and the nuclear material protrudes in various directions. Detailed 
studies of such protrusions with perforation of the cartilaginous plates 
appear in the work of Schmorl. As a rule, escape of nuclear material into 
the cancellous bone above and beneath the nucleus pulposus is not associ- 
ated with clinical manifestations. However, if narrowing of the disc is 
sufficient to distort and diminish the intervertebral foramina, pressure may 
be exerted against the respective nerve roots. 

As mentioned before osteophytes may be produced as a healing mechanism 
for degeneration of the intervertebral disc. Such bone formations are in- 
duced by thinning of the disc, and originate at the insertion of the longitu- 
dinal ligaments (Schmorl, 1932). Pain in the back and limitation of vertebral 
movements are rather infrequent in association with degenerative lesions 
of the intervertebral discs. However, with involvement of the apophyseal 
joints back pain may become apparent. 

The association of changes in the intervertebral discs with alterations in 
spinal curvature is exemplified by the condition known as adolescent 
kyphosis. The etiology of this is still unknown. It is characterized by 
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CALCIFICATION OF THE INTERVERTEBRAL Discs. 


According to Sandstro6m (1951) calcification of the intervertebral discs 
was mentioned by Luschka (1858), and were first demonstrated roentgeno- 
logically in cadavers by Beneke (1897). In 1930 Calvé and Galland de- 
scribed them during life. The pathologic aspects of the condition were in- 
vestigated by Schmor! (1929), who believed that calcification followed small 
discal ruptures followed by necrosis. Other etiologies proposed included 
persistent overloading of the spine beyond its work capacity, degenerative 
changes, inflammations, senile alterations and disturbances in calcium 
metabolism. 

Intervertebral disc calcifications may occur in the nucleus pulposus, the 
annulus fibrosus or in both areas together. Calcifications also appear in 
the cartilaginous end plates of the vertebral bodies, sometimes by extension 
from the annulus fibrosus. The most common location is the annulus 
fibrosus. The radiological differentiation of these sites can be identified 
with some degree of accuracy. Those calcifications situated in the middle 
of the intervertebral disc, and which are of uniform density, are more likely 
to be nuclear calcifications. These may be ovoid in configuration, and 
sometimes extend towards the posterior third of the intervertebral space. 
Calcifications in the annulus fibrosus are more frequent in the anterior, 
superior and inferior portions of the intervertebral disc. Occasionally cal- 
cium deposits occur in both areas simultaneously, and cannot be differenti- 
ated one from the other. Calcifications in the cartilaginous end plates alone 
are rather infrequent. No definite relationship with clinical complaints has 
been identified. Intervertebral discal calcifications in adults as a rule are 
symptomless, while those in children may be associated with painful syn- 
dromes. Adult intervertebral discal calcifications do not as a rule disappear, 
while those in children may or may not vanish. The reason for the occur- 
rence of calcifications of the intervertebral discs in children, as well as for 
their disappearance and association with symptoms, is not known. 

Calcification of the intervertebral discs in children is relatively infre- 
quent. Brailsford mentioned that Barron (1926) had described discal 
calcification after trauma in a twelve-year-old boy. Brailsford himself 
noted that localized calcifications may occur in the intervertebral discs of 
children and be accompanied by backache, spasm, restricted motion and 
fever. In a report on discal calcifications in childhood Weens (1945) de- 





Bai We i tinh ia Ne inners ele aud. jeu aaes “the hile blades at the. fire these: ‘fans eee 
: rmiaikes Sufised pee examinations: over 3 period: ote eighteen months showed no change in che ae a 
Alot eae pues POH ae aiesppeated seonipletely after several recurrences: Baie 


A 





6 Diseases of the Intervertebral Discs 


--sefibed a five-year-old girl with pain in the lower cervical spine radiating — 
- tec the back of ber bead.” Ruentgenbgrams tevraléd dense calsihcatiog im 
. the interspace. between the sixth and seventh cervical verrebre, extending 
_ from the anterior to rhe nudpornion of the disc: Apparently these hadbeet 
- opresent for saine time, inasmuch as a review of Alois made priir¢o hospital- 













_ azation showed the lesion present then. Disappearance of the calcification 


four mouths. Weens gathered '$ cases of 


was nored over a penad 2 Pahe 


_intervertetiral disc caleificar 






Aildhiead from the literauare. and noted © << 


a , 


thar pain was frequently present. 


There js a predilection for thus condition. 
horcacic spine at mutate levels: OF 





“ ay 

ay Tet” 
aevAll?. 4.2 9ee 
>. YAY 





— 


JCANGS 280; ook, Calonientimtia. The tateral yapecy. of the nejeus pnlpnsns, and adoring anges 8 Soe 
“ fbrosus af rhe hipibosiirad: witerspates larres A. 


| at the | B Soaaher case: oF logs cadena ton: of die 

















Calcification of the lntervertebral Discs 457 


garewola interest 48 the face: char. ee: calcifications have been known to 
disappear aver a period of from: several weeks to a few months or may 
persist fora penod of years. Silverman (1954) added 7 cases to rhe & gathered 


_ from the hirerature, and stared shar the condition was self-limited, requiring = 
no treatment: He collected a senes of 31 discs. with. ealcifications in 15 
patients. Eleven occurred in the cervical region, 17 in the. thoracic spine 


and #in the upper lumbar spine. Un twe cases seen recently, ee of: 
the. calcihtarion. an the. cervical area: wae qoted - fara. perio 


“manths,, seg which Hie, Be a athe. neck Seapredtee aud ayer 





; P 1G: a8, a _Symptomiless calvitic Aton ab: the niyclews alpoaens of: MER ETis 
the BY rath: Chordie intery ertetral disc (arrows). | L 


everal: fimes in one eg: 284). The other (Fig. 285) had been seen because 
of neck pain and torticollis.: 


of eighteen _ 


Sandstrany 4 1951) cited a case: “oF RX Giietine veanOe. wotan 11 shia ne 
 palelieanons i the hist lombac. interspace disappeared. A second case 
eancerned 9 Altv-nine-véearold tale in: wham: calcihications were preseot itt 
several af the dower thoracic, sptervertebral discs. Both had pain: which ~~ 
Was acure atthe onser, with sunsiriveny Go pressure aad limitation of TOE 
oN taped sedimentation | fate Was present luring | yhe acnce, phase. ‘Boch 
these patients berietired fromya-ray therapy, > Sandstrom identitied calcifica 


tons as oceurrme te the annulis fibrosus, ‘usually of a permanent nature, ‘ 


and caltiticatians af thenucleas pulposus and the adjoining annulus.tibrosus. 


‘The transitory vanety is probably: caused by an. inflammatory. process he — 
rermed: my worendonitis calcutea, CECH NE: iN areas where tendons are ate ; 


ce 3:43 si534 RAE paree yig a F14 “J . 
5, Fo Sat to eR Et SF AS AN ace Nie Shaky a 


Fie. ne =é lope inter reste dise al 








eet’ 


SOSEYEE ey 
Vin her rege nylons and gain sive eateapensin: 
ts Byte ef UY 
> patric gees ‘ ¢ ‘wry gf wh? CaS: Noida gihs yi dette ae 
' ° AN, " 2§, ro hy aah af ‘it ‘ c ty) hg “dy 
> *¢> alee ey a 4's a bY 
? } ' “ 
- ete a 
-h} 
eae ‘ ’ 
. "ex , o ‘ ’ 
= r" we? 
. Cee as ce, . 
r r « ‘ ‘a 


47th 


Ss ‘ 


Swat, ‘ 
) % 
é 


x My 


“7? 


ccaliicat ns erows), nao v of PAbie an 


es ie % 


i rei 





oe t ihrosus. Fs 


v 


Calcification of F the Intervertebral Discs cee 459, 


tached to bene, The adjoining: muscalac tissue may ales shoe such changes: 
When the disease ts localized exclusively. to tendinous tissues, such as the. 
nterverrebral disc, the name “rendonits calcarea’’ is suippested by hin. . 
‘Sandstrom also mentioned thae calcification induced by overdosage with 
Satamis, D may be assaciated. with impernanent intervertebral disc: calet« 
Reation. 

Calaheaion: of the annulus. fibrosua,. ‘ar leas. commeniy:: ae: the nucleus. 


ooo me a Berrnatiene narure is of Ao retintcal LEE j te accurs s most 3 





SN he Se 
re Hi ne Ae 
TK Nie Hae K gyi 3 == = 


eri aN Sse 





“Piss 19: aC ak fed ald ext Aas weg at. ape level of the second 
; MN See fares) 1 produces: patepleo ae ee eee 





oj? plete 


ah * SY 


Galland (1940) ¢ desesbud a o Case 2S waleihed i inrerver acetal ‘dae nowhich the: 
‘entire nucleus pulposus had bees converted iiro.a mags of linte salt. Micro- 
scapicalhy the calm: could: nar be séen, having been dissolved our daring’ 
rhe eDArAcinl. a the: atide. Ta. 1 place ‘anky. strasds ask an amorphous 
“residue could be obsery ed. We have examined several cases of pucleus- 
‘pulpostis: calcification ar necropsy, In. these ‘cases ‘all’ vesihency: was: losr.- 
ant the usual elistenmg appearance was replaced by astull grey appearance. 
The nucheus. anlposus had heen converted intoa gritty, grey inelastic rubbery: 
substance whith: mer ged ifuperceprihly” with the SHY tauhding fssue: “The: 
-calcthearion “was ‘much more readily identified on the “sHENTBENOpTAMs. 
a ahs Wi erakening & of The = NE, spibat Menten: Proeuseh 2 pt a ealethed: 








460 Diseases of the Intervertebral Discs 


nucleus pulposus may occur and severely damage the spinal cord. This is 
of special importance in the cervical and thoracic spine. 

he occurrence of calcifications 1n the intervertebral discs of osteoporotic 
spines is not uncommon. We have seen this not only in the benign forms 
of osteoporosis, but also in multiple myeloma. 

Rarely an intervertebral disc which has herniated into the spinal canal 
will further calcify. We saw one such patient (Fig. 290), a sixty-five-year- 
old woman who had a slowly progressing paraplegia attributed to a spinal 
cord tumor. Because the calcification within the spinal canal was quite 
apparent on plain films, it was assumed that she had a large spinal cord 
tumor, probably a meningioma. At operation a large, irregularly calcified 
mass identified as an old prolapsed disc was encountered. This was fixed 
firmly in position, and could not be dislodged. Only a decompressive 
laminectomy was done. 
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‘“VACUUM PHENOMENON” IN INTERVERTEBRAL Discs 


Knuttson (1942) first called attention to the presence of radiolucent 
streaks at the lumbosacral intervertebral space, usually associated with a 
marked narrowing of the disc. He attributed this to desiccation of the 
disc in cases of spondylitis deformans. Inasmuch as the annulus fibrosus 
remains intact, irregular gas streaks corresponding to cracks in the dried 
portion of the disc appear. He mentioned that this was more apparent on 
roentgenograms mde with the spine in extension, because widening of the 
intervertebral space increases the radiolucent area. The accentuation of 
the vacuum phenomenon in the hyperextended position was also described 
by Gershon-Cohen (1946). He too attributed this change to degeneration 
in the nucleus pulposus, and observed that no herniation of nuclear ma- 
terial into the vertebral bodies occurred when the vacuum phenomenon 
existed. Samuel (1948) attributed the presence of gas in the disc “‘ vacuum” 
to diffusion from the blood. 

In a survey of 2419 lumbosacral roentgenograms Marr (1953) found gas 
in the intervertebral discs in 2.026 per cent of cases, mostly in the lumbo- 
sacral interspace. This was associated with discal narrowing, marginal 
spurring and eburnation of the bony surfaces. He attributed the presence 
of gas to vaporization from surrounding fluids as a result of a partial 
vacuum presumed present in the intervertebral disc. He observed the 
radiolucent streaks mostly in the central portion of the disc. If the nar- 
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ported the case of a man who fell 100 feet, landing on his lower extremities. 
Death occurred because of rupture of the jeyunum. Necropsy revealed 
protrusion of the intervertebral disc into the spinal canal at the level of 
the first lumbar vertebra, with no evidence of fracture. In 1911, Middleton 
and Teacher reported a case of injury to the spinal cord due to rupture of 
an intervertebral disc during muscular effort. This occurred in a man 
who felt a sudden sharp pain while lifting a metal plate. Paralysis soon de- 
veloped and the patient expired a few hours thereafter. Necropsy revealed 
softening and hemorrhage about the lumbar enlargement in addition to a 
mass of cartilage lying in the spinal canal. Goldthwaite (1911) reported a 
patient who had sciatic pain followed by paraplegia after sacroiliac manipu- 
lation. Narrowing of he lumbosacral interspace was noted at operation, 
but no mention was made of exploration of the anterior epidural space. 
Mixter was of the opinion that this, too, was a ruptured disc. During the 
succeeding years there were isolated reports of injuries to the spinal cord 
attributed to enchondroma, which are now known to be herniated discs. 
Such reports were published by Frazier, Elsberg, Stookey, Ott and Adson, 
and Mixter (Mixter, 1949). Of particular interest is Dandy’s report (1929) 
of 2 cases of transverse lesions of the cauda equina caused by free fragments 
of the intervertebral disc in the spinal canal. This report apparently was 
the first in which surgical treatment for ruptured discs was described, and 
the first to postulate that such fragments could cause sciatica. In 1930 
Bucy collected 15 similar cases from the literature, and included 1 of his 
own. He regarded the lesions as chondromas of the intervertebral disc. 

Recognition for attributing the syndrome of sciatica and low back pain 
to protrusions of the nucleus pulposus belongs to Mixter and Barr, who 
published their observations in 1934. Mixter’s account of the events lead- 
ing to the recognition of this syndrome should be read in the original (1949). 
In this communication he mentioned that Barr had read a paper on the 
same subject in 1933, but this had received such an indifferent reception 
that it was not published. Mixter mentioned the work of Mauric, pub- 
lished in 1933, which came to the same conclusions. 

Lumbar Intervertebral Disc Herniations. Protrusions of the nucleus pul- 
posus of the lumbar discs occurs most often in males in the third and fourth 
decades. The youngest patient with this lesion was reported by Fernstroém 
(1956) in an eleven-year-old girl. Love (1947) mentioned an of 1217 
patients with herniated discs, 25 were between the ages of ten and nineteen 
years. Webb, Svien and Kennedy (1954) reported 5 patients fifteen years 
old or less at the time of operation. Herniated discs in patients beyond the 
fifth decade is by no means uncommon. The oldest patient in our series 
was well over seventy and the youngest was a fifteen-year-old boy. 

The history of the patient is quite helpful. Not infrequently, particu- 
larly in a young active person, a history of trauma will be elicited. How- 
ever, many patients, particularly females, have no history of obvious 
trauma. ‘The type of pain associated with herniated disc varies with the 
extent and situation oe the herniation as well as the patient’s sensitivity 
to pain. Lateral and anterolateral displacements may compress the 1psi- 
lateral nerve roots producing unilateral sciatica. This is the most frequent 
complaint, occurring in about two-thirds to three-quarters of patients. 
Bilateral sciatica occurs in approximately 15 per cent, and may indicate a 
central protrusion with impingement against both sides. In the remaining 
individuals the distribution of pain may be atypical, shifting from side to 
side or involving only the low back. Pain may be exaggerated by straining, 
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ankle jerk or knee jerk reflexes, muscular weakness and atrophy of the limb 
on the involved side all may be present. Evaluation of the neurologic 
changes depends on understanding the peripheral nerve distribution. Thus, 
with discal protrusions involving the third lumbar interspace alteration 
changes in knee jerk reflexes may be encountered occasionally. Knee jerk 
reflex changes are uncommon in lesions involving the fourth or fifth lumbar 
interspaces. Diminution or absence of the ankle jerk reflex are common 
with herniated discs of the lumbosacral interspace, and are relatively 
infrequent at other levels. Areas of hypesthesia may be demonstrated de- 
pending on the level involved. Keegan (1943, 1944, 1947) presented derma- 
tome charts for the trunk and extremities based on a study of the hypal- 
gesic areas accompanying damage to a single nerve root. He pointed out 
that the neurologic deficits associated with lumbosacral disc herniations are 
easier to identify than those at the fourth lumbar interspace with com- 
pression of the fifth lumbar root. In the latter he found no reflex loss and 
the sensory changes were not easily found. McKenzie and Botterell (1942) 
concluded that 95 per cent of sciatica is associated with pressure on the 
roots of the first sacral or the fifth lumbar nerve. They were unable to dis- 
tinguish between lesions of the fourth or fifth lumbar discs in 15 per cent 
of their cases. 

Young (1947) considered neurologic signs of little help in the localization 
of herniated discs, and regarded such changes as only confirmatory in im- 
portance. Parrella and Zovickian (1950) pointed out that the neurologic 
changes seen with herniated discs were not constant. For example, 8 of 
their cases had hypesthesia of the fifth lumbar dermatome according to 
Keegan’s chart. Of these, 3 had herniation of the fourth lumbar disc, 
1 had a large disc protruding at the third lumbar interspace and the 
remaining 4 had Gfth lumbar discal herniations. Absence or diminution 
of ankle jerk reflexes were encountered in 43 per cent of their cases. Six- 
teen had a lumbosacral protruded disc, and 4 had herniated discs at the 
fourth lumbar interspace. Davis, Martin and Goldstein (1952) re- 
viewed the sensory pattern in 500 cases, and found no correlation between 
this and the level of the lesion. The extreme variability they encountered 
rendered dermatome charts unreliable. 

Our own experience corresponds with the inconstancy of clinical localiza- 
tion observed by others. A review of 50 verified herniated discs at the 
fourth lumbar interspace revealed diminished ankle jerks on the side of the 
lesion in 17 cases. In 4 others, bilateral diminished ankle jerks were 
present, and this occurred when the lesion did not approach the opposite 
nerve root. Diminution of the knee jerk reflexes on the ipsilateral side was 
observed in 5 cases. No changes in the ankle or knee jerk reflexes were 
present 1n 24 instances. In 50 other cases of herniations at the lumbosacral 
interspace, knee jerk reflex changes were observed in 6 cases. Ankle jerk 
reflexes occurred in 35 others, and the remainder had no such changes. It 
becomes evident that while reflex alterations, when present, are of con- 
siderable diagnostic significance, they are neither constant nor absolutely 
reliable. 

Patients with massive extrusions of the nucleus pulposus may present a 
syndrome of cauda equina compression indistinguishable from that caused 
by tumors. Symptoms of cord compression are accompanied by sciatic 
pain if the disc protrudes laterally as well as centrally. Ver Brugghen 
(1945) reported that out of 300 consecutive cases of herniated discs there 
were 9 with acute compression of the cauda equina by massive lumbar 
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intervertebral foramina and the spinal canal, and realize that not only 
hermated discs but spondylotic spurs, bulging, softened but intact discs, 
thickening of the ligamenta flava, hypertrophy of the neural arches and 
variations in the sagittal diameter of spinal canals greatly influence pressure 
effects. Of great importance is the configuration of the lateral recesses of 
the spinal foramina, especially in the lowermost three lumbar vertebre. The 
nerve trunk passing through the intervertebral foramen is in close proximity 
to the superior lip of the vertebral body and the inner aspect of the base of 
the pedicle. When this groove is constricted by thickening of the adjacent 
bone, the available space for the nerve root is diminished and the effect of 
small protrusions is enhanced. Unfortunately, the configuration of these 
lateral recesses cannot be estimated radiologically. It appears that narrow- 
ing of the sagittal diameter of the spinal canal to less than 1.5 cm. 1s associ- 
ated with the possibility of constriction of the lateral recesses. In addition, 
narrowing of the canal exaggerates the pressure effects produced by other 
bony or ligamentous intrusions. ‘The great sensitivity of the sciatic nerve 
to touch or pressure was verified by Smyth and Wright (1958). These 
workers experimentally pulled on the sciatic nerve after passing a suture 
around it at operation, controlling their observations by doing the same to 
the ligamentum flavum, the interspinous ligaments and the annulus fbrosus. 
They found that a simple pull on the thread sufficient to bring it in contact 
with the nerve root closely simulated the irritation and pressure of a herniate 
disc. The nerve need only to be touched to cause sciatica, and if touched 
repeatedly or continously the nerve root becomes hypersensitive. Dr. 
Joseph A. Epstein has repeatedly demonstrated at operation edematous and 
hemorrhagic nerve roots caught in constricted canals as described here 
when the discal herniation or osteophytic spur formation was disproportion- 
ately small in relation to the severity of the clinical syndrome. ‘These 
patients were relieved only after vertical decompression of the narrowed 
lateral aspects of the canal was obtained surgically. 

An investigation into the changes associated with degeneration of the 
intervertebral disc in a group of 100 spines of humans between forty and 
eighty years of age had been reported by Horowitz (1943). He mentioned 
that posterior bulging of the entire intervertebral disc without localized 
hernation was a common finding in adult cadavers. The posterior pro- 
trusions were formed not only by the dorsal bulge of the degenerated disc, 
but also by the hypertrophied posterior margins of the adjacent vertebre. 
Softening of the intervertebral disc may be associated with narrowing of 
the space, together with a downward and backward settling of the upper 
vertebral body, which may be further exaggerated by bony overgrowth 
at the postero-inferior margin. Proliferation of bone on the inferior sur- 
faces of the articular facets of the apophyseal joints also occurs. Such 
changes may be associated with myelographic defects indistinguishable 
from true protruded nucleus pulposus. In the lumbar spinal canal these 
may be asymptomatic because of the width of the available space, but in 
the cervical and thoracic regions pressure on the cord and nerve roots may 
be produced. 

The anatomical effects of compression of the spinal nerves and ganglia 
by herniated discs were described by Lindblom and Rexed (1948), who 
removed specimens from 160 cadavers from fourteen to eighty-seven years 
of age. Avene these were 60 instances of nerve compression, mostly 
caused by dorsolateral protrusion of intervertebral discs. Evidence was 
found of serious damage to the nervous structures, varying roughly with 
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the degree of macroscopic compression. Forty-four of the damaged nerves 
and of the corresponding normal nerves were examined histologically by 
serial sectioning. The compression was shown to have produced serious 
deformity and atrophy of the spinal ganglion cells, fibrosis, and gross altera- 
tions of internal structure. Occasionally osteophytic enlargement of the 
intervertebral joint was an accessory factor in causing nerve damage. 

Protrusion of the Intervertebral Disc on the Side Opposite Clinical Symp- 
toms.—In 1949 Murphy reported 2 cases in which the clinical impression 
was that of a herniated disc on the left side, and myelograms disclosed right- 
sided protrusions. In both it was felt that if the exploration had been 
carried out only on the side in which symptoms indicated the lesion, the 
offending lesion would have been missed. Wycis (1950) reported 4 cases 
in which contralateral sciatic pain appeared after removal of a ruptured 
disc, the contralateral recurrence being at the same interspace. Three 
were verified at operation, and relief followed exploration of the contra- 
lateral side. He also reported a case in which ipsilateral symptoms were 
relieved by contralateral removal of a partly hermiated disc. Wycis be- 
lieved that bilateral exploration might be required in view of the fact that 
a nucleus pulposus may be herniated bilaterally, resulting in a dumb-bell 
deformity. Kaplan (1949) also reported 2 cases in which herniated discs 
were associated with signs and symptoms on the opposite side. We, too, 
have observed 3 cases in which exploration on the side of long-standing pain 
did not disclose the lesion, while myelography correctly indicated its 
location. 

Atypical myelographic defects may be due to migration of herniated 
nuclear material (Figs. 294, 295). In the presence of a mid-line discal 
herniation, symptoms may vary from side to side. Due precaution must 
be exercised in evaluating clinical as well as myelographic observations to 
make sure that the proper, or both sides, are explored when necessary. In 
this regard, 1t 1s well to recall that with mid-line large protrusions, the lesion 
may be missed if only the lateral aspects of the spinal canal are explored, 
and a transdural exploration may be required. 

Plain Film Roentgenograms in the Diagnosis of Lumbar Herniated Discs.— 
Plain film roentgenograms of the spine should routinely precede myelog- 
raphy. Their importance lies more in the elimination of other causes of back 
and radicular pain than as an indication of disc herniation. In a review of 
300 verified cases of herniated disc at the lumbosacral interspace, the plain 
film roentgenograms were normal in 64 per cent of the cases. The lumbo- 
sacral interspace was markedly narrowed in 16 per cent, and 1n the remain- 
ing 20 per cent slight to moderate narrowing was seen. In 12 per cent of 
the cases narrowing of the fourth lumbar interspace was observed. Osteo- 
phytic reaction at the lumbosacral interspace was present in about one-third 
of our cases, and in most the extent of the change was considered within 
normal limits for the age groups. Lateral films revealed straightening of 
the lordotic curve in one-third of the patients. Tilting of the spine towards 
the side of the lesion was relatively infrequent, being seen in 10 per cent of 
cases. In occasional instances the lumbar spine was tilted away from the 
side of the lesion. 

Data were available in 50 cases in which more elaborate plain film studies 
had been made. Films were taken in flexion and extension in the erect 
lateral posture. Examinations were also made in the anteroposterior 
position with the patient bent sharply to the right and left. These examina- 
tions were not helpful in identifying either the presence or location of a 
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narrowing at the [umbosacral interspace, and in 10 of these patients, all 
over forty-five years of age, significant arthritic changes were present. 
Of this group, 3 also had a slight narrowing of the fourth lumbar interspace. 
In 4 others, narrowing of the third lumbar interspace was seen. 

Straightening of the lumbar lordotic curve was oberved in one-fourth of 
this series, and when present, was presumed to be of some diagnostic help. 
The absence of a straightened lumbar lordotic curve was not considered 
significant. In 4 cases the lumbar spine was tilted contralateral to the 
affected side, and in 2 the spine was inclined towards the affected side. 

In 12 cases the narrowing of the fourth lumbar interspace as observed in 
anteroposterior views was irregular. In 7 of these patients the narrowing 
was more marked on the side towards which the nucleus pulposus was 
herniated. In 4 instances there was a shifting of the fourth on the fifth 
lumbar vertebra laterally. In all these the shift was towards the side of 
symptoms. On reviewing the operative findings no relationship could be 
established between the size of the herniated disc and the degree of change 
noted on the plain films. 

Roentgenography of the articular facets, the intervertebral foramina and 
films made in flexion, extension, and bending to the right and left were not 
helpful in the diagnosis of fourth lumbar herniated discs. 

Herniated Discs in the Upper Lumbar Spine.—There were 10 such cases 
in our series, 2 at the first lumbar interspace, 3 at the second and 5 at the 
third lumbar interspace. The plain films in all except one (Fig. 294) were 
normal. Peyton and Simmons (1947) indicated that routine roentgeno- 
grams were not helpful. They noted that of 90 patients examined, 16 had 
narrowing of the corresponding interspace. However, similar narrowing 
was seen at other levels as well. In a discussion of a paper by Graf and 
Hamby (1953) Beswick incidentally mentioned a case which had a striking 
narrowing of one interspace. He felt this to be a reasonable localization 
without myelographic confirmation. Myelography, however, showed the 
lesion to lie two interspaces higher, and this was confirmed at operation. 

Myelographic Diagnosis of Herniated Lumbar Discs.—Although an ac- 
curate diagnosis of a herniated disc can be, in the opinion of many, reasonably 
established on the clinical aspects alone, myelography should not be dis- 
regarded. When capably performed, myelography 1s a relatively painless 
and safe procedure. The ease and skill with which it is performed is the 
chief factor in the patient’s response, and myelography should not be 
relegated to anyone untrained or unskilled. The procedure requires under- 
standing and delicacy in manipulation. Even in the most experienced hands, 
considerable distress may be caused the patient. Nevertheless, in the same 
way and for the same reasons that colon roentgenograms, for instance, are 
made before operation for a bowel lesion, so should myelography be done 
when surgery of the spinal canal 1s contemplated. Indeed, in my opinion 
an exploration of the spinal canal without preliminary myelography even 
when the clinical picture is presumably complete, is comparable to laparo- 
tomy without previous adequate investigation. To carry this a bit further, 
even at the risk of being tedious, there are instances in which x-ray examina- 
tions fail to reveal an intra-abdominal lesion, and laparotomy is done 
nevertheless. Similarly, myelography may fail to disclose a definite lesion, 
and still surgical intervention is required because of the over-all picture. 
In tpl operation is not contraindicated by a presumably negative 
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c.cm. If this does not flow freely the diagnosis of arachnoiditis may be made 
on the basis of the typical scattered droplets. 

If the original myelographic study had been performed without leaving 
a useful residual, it is advisable to first inject about one c.cm. and check 
its flow. Only after free movement has been ascertained should the remain- 
ing quantity be added, and the examination is then continued in the usual 
manner. ‘The presence of lateral or anterior defects must be regarded as 
evidence of recurrent or further herniations of discal material if it occurs at 
the site of the first lesion. Additional herniated discs sometimes occur at 
other interspaces, presenting characteristic myelographic malformations. 
The possibility of scarring incident to previous surgery also must be recog- 
nized. This sometimes deforms the dorsal aspect of the dural sac, and can 
be checked only if adequate quantities of pantopaque are used to permit 
visualization of the area immediately under the ligamenta flava. Films in 
hyperextension should be obtained. I have seen two cases in which scarring 
of the ligamentum flavum at the operative site resulted in thick bars of 
tissue which projected downwards towards the canal causing partial obstruc- 
tion to the passage of pantopaque. Postoperative bleeding or hematoma 
formation likewise may be associated with arachnoidal or epidural changes 
causing deformity of the pantopaque column. As with primary myelog- 
raphy, every effort should be made to remove as much pantopaque as 
possible after the examination is finished. 

The Necessity for and the Accuracy of Myelography.—As one reviews the 
literature, it becomes apparent that not all are in accord with the opinion 
that myelography should be a routine procedure when exploration of the 
spinal canal is contemplated. As early as 1941 Dandy, in a paper entitled 
“Concealed Ruptured Intervertebral Discs” included in the heading “‘A 
Plea for Elimination of Contrast Medium in Diagnosis.” Deery (1943) 
believed that physical examination alone could indicate the level of a lesion 
and that contrast examinations were unnecessary. Hyndman (1946) re- 
garded myelography as of little value. Scoville, Moretz and Hankins (1948) 
surveyed 200 operated cases in which pantopaque myelography had been 
performed. They stated that when myelography alone was used as a 
diagnostic criterion, the over-all error was in the neighborhood of 25 to 35 
per cent, in contrast to the 6 to 8 per cent cited in the literature. They 
noted that the greatest error occurred in cases incorrectly diagnosed as 
normal, and mentioned that presumably normal myelograms in the face 
of clinical evidence of a herniated disc would be wrong three times out of 
four. Nevertheless, they proposed to continue to use myelography rou- 
tinely on all patients suspected of harboring herniated discs, but urged 
conservatism in evaluating so-called normal myelograms. Lindgren (1949) 
also regarded routine myelography as unnecessary, and concurred with the 
impression that a negative myelogram did not exclude the presence of a 
herniated disc. Conservatism in the use of discography and myelography 
was urged by Lindblom (1950). O’Connell (1951) pondered it unnecessary 
to do either a lumbar puncture or myelogram to diagnose herniated discs, 
since in his opinion the diagnosis could be made readily by clincal and 
direct radiologic study. Key (1952) advocated the use of myelography in 
selected cases when the clinical picture was confusing. 

Hampton (1940) recorded an accuracy of 93 per cent in the myelographic 
diagnosis of herniated discs in 133 cases. Echline, Ivie and Fine (1945) 
cited instances in which the unreliability of diagnosis based on clinical signs 
and symptoms was corrected myelographically. They described cases in 
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on the roentgenograms. Five had varices and six miscellaneous lesions 
were found. In 8 nothing of a pathologic nature was encountered. In dis- 
cussing negative explorations in 14 cases, Echols and Rehfeldt (1949) men- 
tioned that the myelograms were normal in 10. They felt that in view of 
the negative explorations, it was possible that there were disc protrusions 
or bony spurs in the intervertebral foramina. Interestingly enough, the 
postoperative results of these 14 were recorded as excellent in 6, satisfactory 
in 2 and unsatisfactory in 6. 

Both discography and water-soluble contrast myelography have pro- 
ponents who favor these procedures over pantopaque myelography. After 
considering these technics and reviewing our own experiences with panto- 
paque myelography I see no reason to abandon the latter. I have frequently 

een impressed with the exquisite accuracy of discography, so much so that 
the clinical correlations become rather puzzling. It is well known that 
many patients with degenerative changes in the intervertebral discs are 
completely asymptomatic. By the same token, injection of contrast 
material into the discs of these people discloses passage of contrast material 
well outside the normal confines. Which, then, are the ones who require 
surgery and which should be left alone? It has been our experience that 
most patients operated upon for discal herniations require surgery at but 
one level, and are relieved of their complaints. The occurrence of multiple 
discal herniations and spondylotic osteophytes is not nearly as frequent, 
and from a clinical viewpoint, can be identified quite adequately with 
pantopaque studies. While it may be argued that the great majority of 
patients with single herniated discs might have recurrences at other levels, 
the fact remains that most do not. When, then, should the patient be 
operated upon? To us the answer is only when his clinical condition is 
such that there is no other way of relieving him. How much surgery should 
be done? My surgical friends tell me that only that which is required to 
relieve the offending pressure. The advisability of curetting all softened 
discs because they present an abnormal pattern of contrast material disper- 
sion requires considerable thought, and at present we believe that this should 
not be done. Another disadvantage of discography is the fact that the 
examination ts limited to three spaces, leaving the constant possibility that 
a lesion above may be overlooked. Insofar as water soluble contrast 
myelography is concerned, | hesitate to use it because of the necessity for 
spinal anesthesia, because the method limits examination to the lumbar 
canal, and because of possible adverse side effects (Munro, 1956). 

I am convinced of the importance of myelography before exploration of 
the spinal canal. While it is by no means infallible, it compares most favor- 
ably with other diagnostic procedures. Considering the serious import of 
spinal surgery, all information should be available. In the past nineteen 
years, our accuracy has been between 85 and 90 per cent. I am not aware 
of any instances in my own experience in which myelography proved 
hazardous. If the procedure is skillfully done, and if the pantopaque 1s 
removed completely or almost completely, there should be no ill effects 
other than those which might follow spinal tap. 
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Herniated Thoracic Intervertebral Discs.—Protrusions of the nucleus pul- 
posus in the thoracic spine are uncommon. Their incidence was estimated by 
Love and Kiefer (1950) as occurring from 2 to 3 times per thousand cases, 
equally frequent in men and women. Apparently trauma plays no part in 
the occurrence of this lesion. The symptoms associated with thoracic 
herniated discs are variable, depending upon the degree of compression of 
the cord and nerve roots, and whether the lesion lies laterally or centrally. 
Symptoms vary in duration from a relatively acute onset with rapid pro- 
gression requiring urgent attention to long-standing complaints which may 
have been present for as long as twenty years. The symptoms cannot be 
clearly differentiated from spinal cord tumors. In the upper dorsal area 
the clinical picture may simulate that seen with herniated low cervical discs. 
In the midthoracic spine radicular pains predominate, and in the lower 
thoracic area atypical symptoms referable to the abdominal viscera, the 
flanks and the inguinal regions appear. The usual course of spinal cord 
compressive symptoms including pain, tingling, burning, coldness or numb- 
ness, followed by symptoms referable to the motor tracts and sphincter 
control were observed in the 11 cases reported by Logue (1952). ‘These 
were progressive and fairly rapid, so that the time between the appearance 
of symptoms and the indications for surgery was less than seven months in 
8 of his patients. He observed that in 3 paraplegia developed acutely. In 
2 the protrusion had apparently existed for a long time because the pro- 
lapsed disc was bony hard. It was believed that the paraplegia was due 
to circulatory disturbances in the spinal cord. In the other case the pro- 
lapsed nucleus was soft, and believed to be of recent origin. Symptoms re- 
ferable to the legs appeared first. Additional complaints referable to one side 
or the other, presenting a Brown-Séquard syndrome, may be caused by 
lateral compresion of the cord. As a rule symptoms appeared bilaterally. 

The sensory manifestations follow the pattern caused by compression of 
the anterior tracts, with pain and temperature sense chiefly affected. 
Occasionally the dermatome distribution of sensory disturbance does not 
correspond with the level of the lesion. Logue quoted 1 case in which the 
dermatome level was four segments higher than that of the spinal segment 
compressed. This situation also occurs in the cervical area. 

Sphincter disturbances occurred in 5 of Logue’s cases, and were mild. 
Three had slight urgency or dribbling, and in 2 others with paraplegia loss 
of sphincter control occurred. Love and Kiefer (1950) noted that in 5 of 
their 17 cases the neurologic examination was negative. They commented 
on the paucity of signs. In 8 of their cases the initial diagnosis was spinal 
cord tumor. 

Investigation of the spinal fluid shows variable results, extending from 
completely normal observations both as to pressure and protein content to 
complete block with marked elevation of the protein. Normal observations 
are by no means uncommon. Neither of the 2 cases seen by us had mano- 
metric evidence of block or elevated protein content. 

Plain film roentgenograms of the dorsal spine may reveal calcification of 
the nucleus pulposus, thereby affording a guide to the correct diagnosis. 
However, such calcifications frequently are seen in patients without symp- 
toms, and in themselves are not acceptable as diagnostic criteria. In 5 of 
Logue’s 11 cases the level of the calcification of the intervertebral disc 
corresponded with the site of protrusion. However, in another case, the level 
of the disc prolapse was four intervertebral spaces lower than the visible calci- 
fication. fn another there were four calcified discs of which only one had 
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view the pantopaque is seen enveloping the lesion, resulting in a fork-like 
appearance of cite column at the level of the prolapse. While it is relatively 
easy to identify the lesion in the presence of a definite block, it is consider- 
ably more difficult to make the diagnosis when the pantopaque flows freely 
through the thoracic spinal canal. This was particularly well emphasized 
by 1 of our cases. This was a forty-three-year-old man with weakness of 
the lower extremities together with neurologic deficits referable to the sixth 
thoracic interspace. Myelographic examination showed no obstruction. 
However, at the suspected interspace there was a momentary hesitation in 
the passage of the contrast medium, with a deviation of the column to the 
right side resulting in a small lateral hollow. When the entire column was 
over the lesion it could not be identified. At operation the posterior spinal 
ligament was intact but bulging. When it was incised degenerated ma- 
terial protruded. 
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Cervical Spine Herniated Discs.—This condition was first brought to 
attention by Stookey (1928), who reported on compression of the spinal 
cord due to “ventral extradural cervical chondromas.” Dandy (1929) 
included 1 case of cervical cord compression due to a protruded interverte- 
bral disc. In 1940 Stookey recognized that these “‘chondromas” were 
protrusions of the nucleus pulposus, and depending on the size and location 
of the lesion, compression was exerted on the spinal cord. Bilateral ventral 
pressure resulted in a clinical picture resembling a spinal cord tumor with 
pain, numbness, spasticity and weakness of the upper and lower extremities 
as well as atrophy, Gbeillation and bilateral sensory disturbances. With 
more lateral lying lesions pressure might be exerted against half of the 
cord. This produces focal atrophy of the lower motor neuron type at the 
level of the lesion, together with spasticity and ipsilateral pyramidal tract 
signs of the upper motor neuron variety below the level of the lesion and 
dissociated changes on the opposite side. When the disc causes lateral 
pressure it may produce nerve root compression with radicular pain. 
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cervical vertebre. In the 33 cases reported by Spurling and Segerberg, 
30 per cent were at the fifth cervical level and 60 per cent at the sixth cer- 
vical level. Ten per cent occurred at both the fifth and sixth cervical inter- 
spaces. These authors mentioned a personal communication from Scoville, 
Whitcomb and McLaurin regarding 126 verified cases of herniated cervical 
discs. Thirty per cent of these were at the fifth cervical level, 60 per cent 
at the sixth and 7 per cent at the seventh cervical levels. The remaining 3 
per cent were found at the fourth cervical interspace. 

In my experience there were 30 cases of herniated cervical discs. These 
occurred predominantly in males, with the highest incidence in the third 
and fourth decade. An appreciable number also were found in the decades 
from fifty to sixty years of age. While it was often possible to elicit a 
history of trauma, no specific correlation with a specific injury could be 
established. When a lateral lesion was present the complaint was pain in 
the shoulder and arm of the affected side. With central lesions and complete 
block of the spinal canal, as occurred in eight cases, the clinical picture was 
variable. Most of these patients had difficulty in moving their lower 
extremities together with weakness, paresthesias and pain in the upper 
limbs. The symptoms were referable to the dorsal funiculi, the pyramidal 
tracts and the lateral and ventral spinothalamic tracts. The clinical levels 
of neurologic disturbance were difterent from those anticipated from the 
location of the herniated discs. Root pains were relatively inconspicuous, 
with the entire picture suggesting a spinal cord tumor in some and degenera- 
tive disease in others. ‘lhe importance of the dentate ligaments in the 
production of compression effects against the anterior aspect of the spinal 
cord was brought out by Kahn (1947). He presented stress analysis dia- 
grams of mass lesions protruding into the spinal canal, demonstrating the 
role of the dentate ligaments in the distribution of pressure effects. He 
showed that the pressure of herniated discs on the anterior columns of the 
cord may produce relatively little in the way of symptoms. However, with 
pressure forcing the cord backwards, traction is produced against the dentate 
ligaments so that stress is exerted against the posterolateral columns, 
resulting in spasticity, weakness and disturbance of gait and balance. On 
the other hand, the posterior columns and the spinothalamic pathways are 
spared. With lesions lying to one side of the mid-line there may be com- 
pression directly against half of the cord. 

The wide variation in clinical pictures has been commented upon by 
many observers. Raney and Raney (1948) pointed out that Holic may 
be a prominent symptom of cervical disc herniations. Semmes and Murphey 
(1943) and Josey (1949) reported cases in which pain in the chest and arm 
simulated angina pectoris. Pain along the course of the brachial plexus, 
expecially in the shoulder: and down the back of the arm, along the radial 
border of the forearm, and sometimes in the upper pectoral region was 
described by Elliot and Kramer (1945). They also observed paresthesia 
in the thumb, index and middle fingers. In some cases the patients com- 
plained of acute onset of a stiff neck. The pain was aggravated by move- 
ments of the neck and downward pressure of the head. Tenderness, weak- 
ness and wasting of the pectoralis major, triceps and extensor muscles 
of the wrist and fingers were also observed, together with hypalgesia over 
the thumb and index finger. Pain directly over the lower cervical spine 
is rather infrequent, although the spinous process of an involved segment 
may sometimes be sensitive to pressure (Michelsen and Mixter, 1944). It 
has long been recognized that herniations of the nucleus pulposus, particu- 
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plete cervical spinal canal block as demonstrated on myelograms. The 
cerebrospinal fluid protein content may vary from normal values to con- 
siderably elevated te ures when significant compression exists. 

The cerebrospinal uid circulation may be impaired because of intrusions 
into the spinal canal from spondylosis or from herniated discs. Morton 
(1936) demonstrated 3 cases in which manometric measurements showed 
subarachnoid block when the patients’ heads were extended to the point 
where they complained of numbness in the fingers. We, too, have observed 
transitory pantopaque block while the head was so maneuvered during 
myelography in patients with large herniated discs or prominent ridges. 
Taylor (1953) presented myelograms demonstrating interruption of the 
pantopaque column on hyperextension of the neck because of wrinkling of 
the ligamentum flavum. 

Because of anatomic conditions, protrusion of the nucleus pulposus of 
the cervical spine is usually somewhat different than seen in the thoracic 
or lumbar regions. Of considerable importance is the fact that the cervical 
spinal cord almost completely fills the available space in the canal. The 
nerve roots emerge horizontally, entering the intervertebral foramina al- 
most directly. The amount of epidural fat is scant. The cervical nerve 
roots are relatively large, and the intervertebral foramina are small, so 
that direct compression against the bony walls may result from relatively 
small protrusions. The posterior spinal longitudinal ligament expands op- 
posite each intervertebral disc, but does not reach the lateral margins. The 
annulus fibrosus is weakest at the posterolateral margins, so that rupture 
at these points is facilitated. The dentate ligaments on both sides fix the 
spinal cord, and their importance in the resultant effects of pressure an- 
teriorly has been mentioned before. The intervertebral discs in the lower 
cervical spine are small. Bull (1948) observed that the volume of the 
cervical disc nucleus pulposus varied from 1.0 to 1.4 c.cm., as compared 
with lumbar discal contents of up to 10 c.cm. 

The mobility of the cervical spine is a significant factor in damage to 
the intervertebral discs. Herniations may occur acutely as a result of 
hyperflexion injuries, and may be associated with compression fractures of 
the vertebre or minor derangements of the small joints. The nucleus 
pulposus may protrude through a weakening of the posterior spinal liga- 
ment, so that the nodule projects into the anterolateral aspects of the 

inal canal, compressing the cord laterally, or the nerve roots. This 
Wane also takes place as part of a degenerative process with no gross 
changes on plain film roentgenograms. More frequent is the appearance 
of narrowed intervertebral discs and spur formations at the uncovertebral 
joints directed anterolaterally and towards the intervertebral foramina. It 
often is very difficult to ascertain whether the primary condition 1s a de- 
generative spondylosis or a protruded nucleus pulposus. In any event, 
either condition is primarily a discogenic process, probably representing 
different phases of the same physiopathologic process, the discogenic disease 
being the primary lesion of deforming spondylosis, the bony proliferation 
being an attempt to heal the pathologic disc by physiologic immobilization. 

The clinical and radiologic aspects of spondylosis with bulging and 
spurring of the cervical intervertebral discs were considered in Chapter 4. 
The compressive effects of these ridges are more prominent in the cervical 
than in the lumbar spine. Ridging of the thoracic intervertebral discs is 
associated with intraspinal pressure effects infrequently. Narrowing of the 
cervical spinal canal reduces the available space, so that minor ridges pro- 
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ANTERIOR DiscaL PROTRUSIONS 


In discussing herniations of the intervertebral discs, attention 1s usually 
directed towards symptom-producing posterior protrusions. There is an 
equally large, and perhaps even a larger group of discal malpositions as- 
sociated with discogenic disease in which displacement of nuclear materail 
occurs anteriorly, superiorly or inferiorly. 

Batts (1939) noted 3 instances of anterior protrusion of the nucleus 
pulposus in 50 cadaver specimens with herniated discs. His Figure I de- 
picted a thinned disc with the nucleus pulposus extruded anteriorly, where 
it was covered with osteophytic proliferations and bony bridging between 
the anterior portions of the vertebral bodies. The bony changes were con- 
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directed attention to the possibility of abdominal pain arising from anterior 
discal herniations. 
Leavens and Bradford (1954) reported a case in which, after removal of 
a herniated nucleus pulposus, their rongeurs had passed into the interior 
of the disc, and then with minimal pressure went through a fissure in the 
anterior aspect of the annulus fibrosus. They believed this might explain 
abdominal vascular accidents, and cited 2 cases from the literature 1n addi- 
tion to 12 of which they had personal knowledge in which abdominal aortic 
injuries terminated fatally because of hemorrhage. Smith, Hughes, Sapp, 
Joy and Mittingly (1957) reported two patients with high output circulatory 
failure due to arteriovenous fistulas following surgery for herniated discs. 
They noted that nine cases had been reported, five of which had been recog- 
nized only after the fistulas had resulted in circulatory failure. The injury 
to the vessels occurs during the removal of discal cartilage, when injudicious 
manipulation may result in injury of vessels anterior to the disc. I recall 
one case recently in which the patient expired on the operating table 
because the abdominal aorta was torn by the pituitary rongeurs during the 
procedure. A long time may elapse between the creation of an arteriovenous 
fistula and its radiologic or clinical diagnosis. Radiologically the lesion 
may be identified by means of aortography. 
rare example of anterior thoracic discal protrusion causing slight dys- 
phagia and a defect of the esophagus because of extrinsic pressure was 
reported by LaSorte and Brown (1959). 
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COMPLICATIONS OF MyYELOGRAPHY 


As stated before, myelography in competent hands 1s a safe and reliable 
diagnostic procedure. Nevertheless, untoward effects have been reported 
and are worth reviewing. There were no fatal incidents in my experience 
which might have been attributed directly or indirectly to myelography. 
In approximately 15 per cent of cases, including those done as ambulatory 
patients, headaches were a source of annoyance. The onset of headache 
varied from a few hours to as long as ten days after myelography had been 

erformed. These were often relieved by keeping the patient recumbent. 
it did not seem to make any difference whether the patient was absolutely 
quiet after myelography or not, nor was there any beneficial effects from 
various medications, forced fluid intake, caffein or ergotamine tartrate. In 
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some the pain was aggravated by movement of the neck or sitting up sud- 
denly, and in a few nuchal rigidity and a picture of meningismus appeared. 

Another unpleasant concomitant of myelography was the persistence of 
low-back pain, occasionally accompanied by sciatica. These ill effects 
result from the lumbar puncture itself rather than from the pantopaque. 
This is borne out by the great similarity to complaints which follow diag- 
nostic lumbar tap without the injection of contrast medium. Childe (1945) 
believed that even a drop of water on the syringes or needle might cause 
untoward meningeal reactions. Shipp (1953), reporting on 1800 cases of 
pantopaque myelography, mentioned that no significant complications 
attributable to the contrast substance had been encountered. In some of 
his cases the bulk of the oil was fixed by adhesions in as short as twenty 
days after myelography. He was of the opinion that such adhesions prob- 
ably were the effect of actual infection introduced at the time of puncture 
rather than from the agent itself. Reactions in the form of meningismus 
and elevation of the cerebrospinal fluid cell count, and sometimes total 

rotein elevations, occurred in 3 of the 100 cases reported by Schnitker and 
Booth (1945). In 10 cases with retained pantopaque in amounts varying 
from #5 to 2 c.cm., lumbar puncture done at intervals of from one to four 
days later showed ‘that reactions, when present, were not directly propor- 
tional to the amount of retained material. Seven of the 10 had no spinal 
fluid changes. In the remaining 3 there was headache with meningismus, 
generalized aches and fever which subsided in seventy-two hours. 

Reactions attributed to pantopaque have been described. Tarlov (1945) 
reported a thirty-seven-year-old male who complained of severe headache, 
stiff neck and fever of 100.8° F. five hours after the instillation of 3 c.cm. 
of pantopaque. The next day his temperature rose to 102° F. One day 
later, when an interlaminar exploration was done, considerable whitish, 
soft stringy exudate was seen adherent to the arachnoid and the cauda 
equina. Histopathologic examination of the exudate disclosed a meshwork 
of fibrin strands with imbedded leukocytes, lymphocytes and plasma cells. 
No organisms were cultured. 

Bering (1950) re-examined 25 of 106 patients who had had up to 6 c.cm. 
of pantopaque injected into the subarachnoid space without removal of 
the medium after myelography. These examinations were performed at 
intervals of from six months to between two and three years. None of these 
patients had signs or symptoms which might be attributed to the pant- 
opaque. In approximately half these cases the pantopaque droplets had 
become fixed in the subarachnoid space, indicating a reaction at these 
points. Fixation of a large quantity of pantopaque was observed in 1 case 
only, while in the others the residual was freely movable. We have seen 
patients who had pantopaque injected as long as nine years before re- 
examination, and free movement of pantopaque within the spinal canal 
was the rule rather than the exception. Feevee when the pantopaque 
had entered the cranial cavity the droplets remained fixed in the basilar 
cisterns and over the brain convexities. We could not establish any clinical 
syndrome with this situation. One patient who had had a myelogram 
about ten years before returned with pain in the neck extending up the 
base of his skull. This was attributed by competent observers to the 
pantopaque in his head. However, further investigation disclosed a peri- 
neurial fibroblastoma at the second intervertebral foramen. His complaints 
were relieved after operation. 

The impression that pantopaque 1s entirely innocuous, however, must not 


EES oe f Melorepi » ra : 






pantopaque an ee eee fee noche arr a x ce 
AVIS): descr ibed an-arachnodal fide eScHor saree SeetiUn we Atk 
“ pantapayue incorhe subarachnond spaces-of dogs, Even though the amounts. ~ 









. aased were relatively greater than. employed. in. myelography, the inflamma. Bas iy 
: aay erates: indicated she TECESSIY: zak Preventing: eae from: Sere | iss rte 








Fis 225. _ Ramona entering ue <eD GR. eee abet Ss ela ‘the aman crenbatia (arene) ea V5 





owe. anes bull a winute or ess he. entire, pate: vanished. ' 


ng: hes cranium. ee ion ands vant 5 Bese ¢ 1953) ipacied: a cabitey-theeeo 
year-old man. whe: expired bfteen months after see ore he because af an. 
‘exudative adhesive: arachneiditis: producing obstruction to the fourth Vere > 
~ trigle and the basilar ciererns. Necrapsy revealed that the: hasal wirigees 
af che pons and medalla were covered with preenish-grey ‘eid Jace. Tortuous 
dilared bleod: yessele: anda fibrinous exudate aWETE. spread: ower the tower 
thoracic portion of the cord. That this reactian was due to pantopaque: Was 
indicaced vadiologieally, hy chemical determinations of, odin in Le: ext 
date. and Ay oncroscome: srudies. 9) ne 
ee. Weancee af inttavasation of pantopaque. ints: nehig. spinal “veins, shiskte 
| siyelography. are’ infrequent. These may he quite dramartc) as exeimplifed: ox 
an | of-our cases in which the pantupaque disappeared from view during — 
flinrascopy.. Rik ff OF one: maomerit: there. Wasa werwotk ‘of: fine and fairly large 
eee Alles Arh Danton aA ue: hs chen _Napishedl was lacinae. é 


pee 














510 Diseases of the Intervertebral Discs 


enough to obtain a spot film of this occurrence (Fig. 325) of which the 
patient was completely unaware. Such cases were reported by Hinkel 
(1945), who described a star-burst extension of pantopaque in all directions 
when his patient coughed. Within fifteen seconds no oil remained in the 
subarachnoid space, and a broad column formed to the mght of the lumbar 
spine. His patient complained of some tightness in his chest, but no other 
untoward effects were noted. Another myelogram on the same patient 
seventeen days later was normal. Fullenlove (1949) observed similar 
changes, and noted that the opacification of the venous system disappeared 
within thirty seconds. Steinbach and Hill (1951) reported a case of venous 
intravasation in a twenty-eight-year-old woman in whom 9 c.cm. of pant- 
opaque had been used. A bloody return was first obtained on trying to 
remove the pantopaque. A second lumbar tap was done and 1.5 c.cm. was 
aspirated together with bloody fluid. The patient then complained of 
slight chest pain and a nonproductive cough. The next day she suddenly 
felt sick, perspired profusely and vomited repeatedly. A chest film showed 
multiple small fine reticular densities in the lung parenchyma. These had 
disappeared by the time the patient was seen again twenty-three months 
later. These authors estimated that from 4 to 7.5 c.cm. of pantopaque 
must enter the venous circulation to show up in the lungs. 

Extradural extension of pantopaque occurs every now and then (French 
and Strain, 1947), and is easily identified by the opaque medium along the 
course of the several nerves and about the spinal canal. Instead of a smooth, 
homogeneous smoothly flowing column one encounters an irregular, streaky, 
poorly flowing distribution. Within a few hours, and sometimes within a 
few minutes, pantopaque extends along the nerve roots to, and often beyond 
the intervertebral foramina. Epidural extension occurs through a small 
rent in the dura, and is often prominent in the lower lumbar area. The 
pantopaque may then extend as high as the cervical region. Repeated ex- 
aminations show no appreciable absorption of pantopaque, nor are there 
to my knowledge untoward effects from such extensions. Occasionally 
extradural extension may be seen on films made several days after mye- 
lography if some pantopaque has been left in the spinal canal. This, 
too, occurs because of passage through a small dural tear. 

Subdural instillation of pantopaque may be recognized by the unusually 
slow movement of an apparently smooth column. In such instances the 
pantopaque is situated in the space between the dura and the arachnoid, 
and dissects its way between these layers by gravity as the patient is 
placed in various positions. Sometimes the subdural space, which normally 
is only a potential space, may be increased greatly in depth after the en- 
trance of cerebrospinal fluid following a previous lumbar puncture. If 
myelography is done soon thereafter, the pantopaque may be injected sub- 
durally rather than into the subarachnoid space. Removal of the pant- 
opaque under such circumstances 1s most difficult. I have observed this in 
a few cases, and no untoward effects followed, although it was impossible 
to go on with the examination. One might suppose that if a lesion were 
present, it might have deformed the subdural pantopaque column. 

Luce, Leith and Burrage (1951) reported 2 cases with evidences of non- 
infectious meningitis after the use of pantopaque after intradermal skin 
testing with the same material. Both patients had a history of atopic 
ragweed hay fever confirmed by positive tests. The delayed appearance 
of the meningitis was attributed to the previous skin testing as an allergic 
phenomenon. 
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Another rare complication was described by Wright (1949), who ob- 
served paralysis of the external rectus muscles of the right eye five days 
after myelography, with spontaneous recovery. 

At this point the advantages of removing pantopaque as completely as 
possible after myelography hardly need recounting, even though the possi- 
bilities of reactions are remote. If nothing more is accomplished than to 
guard against possible abuses of a situation, the requisite skill in removing 
pantopaque after myelography should be acquired by all who perform this 
examination. However, even in the most skillful bande conditions will 
arise in which 1t may become almost impossible to remove the pantopaque. 

Untoward effects of the mechanics of lumbar puncture and removal of 
pantopaque have been attributed to myelographic examinations. Among 
these are included the introduction of infection and the irritative effects of 
pushing a spinal needle through the dura. Another cause which 1s still 
insufficiently recognized is the effect of vigorous aspiration of pantopaque. 
If the needle tip sucks up a nerve root a considerable amount of pain may 
follow repeated efforts at aspiration. Recently I saw a 35-year-old patient 
who was complaining of pain on the side opposite that which had brought 
her for examination. A review of her myelograms showed that the physician 
who had done the examination had introduced the needle at the second 
lumbar interspace laterally. In all probability her pain was due to vigorous 
aspiration for removal of the pantopaque which, incidentally, was unsuccess- 
ful. The pain had persisted for more than two weeks after the examination, 
and followed a classical radicular pattern. It is our practice to withdraw 
the lumbar puncture needle if there is difficulty in obtaining a good return 
of pantopaque, and to reinsert it at the lumbosacral interspace. 
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Diseases of the Spinal Cord and its Coverings 


INFLAMMATORY DISEASES 


ARACHNOIDITIS 


Arachnoiditis presents a very variable clinical picture. The condition 
may be inaugurated by pains referable to nerve patterns. When lumbar 
areas are affected, the history of back pain and sciatica may be intermittent, 
and suggest the diagnosis of a herniated disc. When the disease occurs in 
the cervical or thoracic spinal canal, its onset may be relatively acute and 
severe, and simulate a tumor within the spinal canal. 

Many causes have been attributed to arachnoiditis. Among these 
are included the various inflammatory diseases such as meningitis 
(Mackay, 1939), pneumonia, typhoid fever, and virus diseases (Stookey, 
1927). Under such conditions the disease may be of a low grade in- 
tensity and associated with long periods of minor symptoms with exacer- 
bations and remissions. Arachnoiditis may be associated with trauma, 
probably incident to bleeding within the spinal canal. In this connection 
the experiments of Bagley (1928) are of interest. He injected the blood of 
dogs into the subarachnoid space by way of the cisterna magna, and pro- 
duced frequent meningeal reactions in response to a few cubic centimeters 
of blood. In most cases this reached the state of proliferative meningitis, 
and he was able to cite clinical cases of a similar nature. Nelson (1943) 
reported the case of a fifty-year-old man with thrombopenic purpura with 
arachnoiditis, and postulated that meningeal bleeding occurring during 
convulsive episodes may have preceded sterile meningitis, which went on 
to fibrotic organization and cavitations. At necro the inflammatory 
process began at the midthoracic region and seen “ down to the cauda 
equina. There was marked thickening of the dura with adherence of the 
nerve roots of the cauda equina. The cord above the lesion was normal, 
but below sections revealed numerous cavities in the dorsal and lumbar 
regions. The normal architecture of the cord appeared to be markedly 
distorted. In one of our patients with a bleeding aneurysm of the circle of 
Willis arachnoiditis appeared about six months after an acute episode, at 
which time bloody fluid had been obtained from the lumbar spinal canal. 
Hypertrophic interstitial polyneuritis due to hyperplasia of the sheath of 
Schwann may be identified radiologically by myelographic demonstration 
of block together with thickened nerve roots (Lewtas and Dimant, 1957). 
Circumscribed local arachnoiditis produces cystic lesions which behave like 
tumors. These will be considered under the heading of arachnoid cysts. 

Arachnoiditis with calification is infrequent. It has been observed to- 
gether with a vascular spinal anomaly and subarachnoid hemorrhage 
(Gatzke, Dodge and Dockerty, 1957). Calcifications producing multiple 
myelographic defects in the lumbar area were seen on myelograms by Faeth 
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(1958). At operation these stones were adherent to the roots and their 
tiny vessels, and apparently did not arise from the arachnoid. No cause 
could be established for these stones. However, it is not infrequent to 
find thin calcific plaques a few millimeters in diameter in normal meninges 
at post-mortem in elderly patients. 

Arachnoiditis has also been associated with continuous caudal anesthesia. 
Peacher and Robinson (1944) described 2 cases, 1 of which was associated 
with a secondary osteomyelitis, while the other had either an epidural or 
subdural abscess which responded to chemotherapy. Kennedy, Effron and 
Perry (1950) reported on the occurrence of inflammatory lesions following 
spinal anesthesia. Rosenbaum, Long, Henchey and Trufant (1952) de- 
scribed several cases of paralysis following saddle block anesthesia in 
obstetrical patients. Progressive arachnoiditis appeared in a patient seen 
by us who had had spinal anesthesia for a subtotal gastrectomy ten years 
before he came for help. The onset of symptoms had been gradual over a 
period of about five years. 

The irritative effects of lipiodol on the meninges with the production of a 
mild form of arachnoiditis was demonstrated experimentally in dogs by 
Craig (1942), and was discussed from the clinical viewpoint in the chapter 
on myelography. Mention also has been made of reports of arachnoiditis 
following the use of pantopaque in the discussion of complications of 
myelography. Walker (1947) described 2 cases of arachnoiditis after the 
intrathecal administration of penicillin. He stated that such reactions 
usually occurred only with large amounts of penicillin, but that when smaller 
doses were used this complication was rare. In his second case, cisternal 
and lumbar myelography showed changes characteristic of arachnoiditis, 
and this was confirmed at operation. 

With the advent of frequent operations for herniated discs it was noted 
that occasionally these lesions were accompanied by inflammatory changes 
in the leptomeninges. French (1946) reviewed 200 such cases, and found 
13 with arachnoiditis, 8 of which had concomitant herniated discs. The 
remaining 5 were early cases, and protrusions may have been overlooked. 
The association of arachnoiditis with spinal cord surgery was mentioned 
by Smolik and Nash (1951), who reported 4 cases as a complication of 
lumbar intervertebral disc operations. Davidoff, Gass and Grossman 
(1947) reported 5 cases of arachnoiditis following operation for benign 
spinal cord tumors. Their first case had arachnoiditis associated with re- 
currence of a meningioma fourteen years after the removal of the original 
tumor. In their fifth case, necropsy disclosed foci of meningiomatous 
tissue with dense arachnoidal proliferations ten years after the original 
operation. 

It was believed by the earlier authors, notably Stookey (1927) and 
Elkington (1936), that spinal arachnoiditis was more common in the cer- 
vical and thoracic regions. However, French (1946) and Ramsey, French 
and Strain (1946) indicated that in their experience the occurrence of 
arachnoiditis in the lumbar region was considerably more common, and 
this is borne out by my experience. Six of the 7 cases reported by Seaman, 
Marder and Rosenbaum (1953) also involved the lumbar spinal canal. 

The possibility of syphilitic and tuberculous meningitis also must be kept 
inmind. While now infrequent, it is apt to be overlooked unless its existence 
is recalled. 

The pathologic changes associated with arachnoiditis are characterized 
by the presence of diffuse adhesions, which may be minimal and localized, 
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oil at multiple levels was an important indication of arachnoiditis. Of in- 
terest in their report is the description of a case of arachnoiditis with nec- 
ropsy in a seventeen-month-old infant. 

In our cases of lumbar arachnoiditis, particularly those with previous 
surgery, an interesting change was an irregular tapered thinning of the 
caudal sac. In some, irregular, small scallops were seen in the lateral mar- 
gins of the distal thecal sac. The area of narrowing extended for as much as 
three spinal segments. It was in these cases that recurrent herniated discs 
could not be identified myelographically. At operation the subarachnoid 
space in these patients was practically obliterated, but sufficient space re- 
mained to permit seepage of the pantopaque downwards. In others a com- 
plete block was encountered, and the distal end of the pantopaque column 
assumed a variable appearance, of which the dentate impressions of the 
swollen nerve roots was the most frequent. The most frequent pattern 
was that described above, with slow movement and irregular pooling of the 
pantopaque. In a few instances the block was complete, and was indis- 
tinguishable from a tumor within the spinal canal. The myelograms 
resembled those described by Lewtas and Dimont, so that I doubt whether 
the picture is specific for one entity alone. 

Clinically, arachnoiditis may simulate spinal cord tumors, multiple 
sclerosis, radiculomyelitis, Landry’s ascending paralysis, or other degener- 
ative diseases of the ‘spinal cord. This again stresses the necessity for myelo- 
graphic investigations in patients with obscure neurologic pathologic 
patterns. 

Recently I had the opportunity of examining a patient who had had a 
thorotrast myelogram about 18 years before he came to us. The patient 
complained of fluctuating pain in both lower extremities, some difficulty in 
starting the urinary stream, diminished sexual potency and low back 
pain. On plain film examination of his lumbar spine it was noted that 
there were thin radiopaque linear markings within the spinal canal which 
assumed the configuration of the cauda equina. Within his skull the choroid 

lexuses also were opacifed, but were not displaced. It was believed that 
be might have arachnoiditis following thorotrast examination. Because of 
this, after much discussion as to whether or not myelography would con- 
tribute to the diagnosis, a pantopaque examination was performed. This 
showed free flow of the pantopaque from the caudal sac to the cervical 
spinal canal, with no filling defects. The pantopaque was removed from the 
spinal canal without difficulty. It became obvious that no arachnoiditis of 
clinical significance existed, and that surgery was not required. Because 
of the impregnation of the choroid plexus with thorotrast one could con- 
clude that a similar process had resulted in opacification of the filaments of 
the cauda equina. A review of his past history disclosed that the complaints 
that brought him to us were quite similar to those he had had prior to the 
thorotrast myelography. 


EpipuRAL ADHESIONS 


We have observed 2 cases in which the dura at the level of the fourth 
and fifth lumbar intervertebral spaces was sharply kinked and adherent 
to the overlying ligamentum flavum. The adhesions also extended under 
the neural arches. In 1 of the patients, a twenty-eight-year-old woman, 
the clinical diagnosis was herniated disc, and myelographic examination 
disclosed a semicircular filling defect on the left side of the canal at the 
fourth lumbar interspace, which was considerably narrowed. At operation 
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this lies in the fact that the epidural space between the dura and the peri- 
osteum is widest in this area. Anatomically the dura is so situated that 
its ventral aspect is in close approximation to the vertebral bodies and the 
intervertebral discs, rendering the epidural space quite narrow anteriorly. 
The epidural space is widest in the thoracic and lumbar regions, and 1s 
minimal in the cervical area. Below the seventh cervical segment the 
epidural space may reach a depth of 0.5 to 0.7 cm. Below the fourth to 
eighth dorsal vertebra it again tapers and becomes shallow below the 
eleventh dorsal to the second lumbar vertebra. Over the remaining lumbar 
vertebrz the epidural space attains its greatest depth. Within the epidural 
space is a layer of fat, connective tissue and arterial and venous plexuses 
(Reeves, 1940). It is within the fatty and loose areolar tissue that infection 
may take place. Such infectious processes may be either acute, subacute 
or chronic. The most common cause is metastatic abscess formation sec- 
ondary to a staphylococcic infection elsewhere in the body. According to 
Grant (1945) the presence of free pus in the epidural space without granu- 
lation tissue on the dura constitutes the acute phase of an epidural abscess. 
If both free pus and dural granulations are found the condition 1s considered 
subacute, and if a solid epidural fibrous mass without definite macroscopic 
evidence of infection is discovered the abscess is considered of a chronic 
nature. In neglected lesions the pus may track into the paravertebral 
muscles as well as the epidural space (Echols, 1941). Browder and Meyers 
(1937, 1941) considered that all such infections were preceded by vertebral 
osteomyelitis, and that the extension of the infection was from the bony 
structures to the epidural space. Rankin and Flotow (1946) commented 
that epidural infections almost never resulted from leptomeningitis per- 
forating the dura. Raney (1939) reported 3 cases of pneumococcic epidural 
abscess associated with pneumonia. Rangell and Glassman (1945) de- 
scribed a case which they believed to be the first of this variety in which an 
acute spinal epidural abscess followed a diagnostic lumbar puncture within 
three days. 

Negrin and Clark (1952) also reported that pyogenic infections may take 
place by direct contaminations of the subdural space by a spinal or caudal 
needle puncture. They differentiated this from metastatic epidural infec- 
tions by the fact that the latter overlay the cord, at least in part, while 
subdural extension involves particularly the region of the cauda equina. In 
either event surgical intervention is required for drainage of the purulent 
contents practically as an emergency procedure. 

Another route for epidural infections is by way of congenital dermal 
sinuses. Such cases were described by Walker and Bucy (1934). Stammers 
(1938) also reported 2 cases of interest in children, 1 a two-year-old child 
with a low grade meningitis due to a dermal sinus which extended from the 
surface of the upper sacral region through a bifid fifth lumbar vertebra to 
communicate with a dermoid cyst within the spinal canal. The second 
case, a four-year-old boy, also had meningitis incident to a discharging 
sacrococcygeal sinus attached to the dura. Waring and Pratt-Thomas 
(1945) also reported 2 cases in which a congenital dermal sinus was a source 
of meningeal infection, the sinus extending from the surface in the lumbar 
region down through a defect in the subjacent vertebra communicating 
with the dura and giving rise to an epidural abscess. Mount (1949) men- 
tioned a case of congenital dermal sinus in the upper thoracic region which 
led to an abscess within the spinal cord in a ten-vear-old girl. 

Spinal epidural abscesses also may be associated with streptococcus in 
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fections, and according to Krumdieck and Stevenson (1940) infections with 
actinomycosis as well as with typhoid bacillus and bacillus pyocyaneus have 
also been reported in isolated cases. Heusner (1948) collected 200 cases of 
spinal epidural sepsis. 

Epidural granulomas may form either as a result of chronic pyogenic 
infections, or may be associated with tuberculosis, syphilis, actinomycosis, 
or coccidiodal infections. They may also be non-infectious in nature, such 
as foreign bodies (Bucy and Oberhill, 1950). These are mass lesions, and 
although of similar etiologic origin, are considered under the heading of 
tumors. Spinal epidural hematomas result in similar changes and are 
considered later in this chapter. 

The clinical picture of spinal epidural infections varies with the extent 
of spinal cord compression as well as the degree of toxicity produced by the 
process. In acute cases a rapid progression of pain and paralysis below 
the level of involvement takes place, together with local tenderness and 
fever. Sphincteric disturbances and motor weakness may occur within a 
week after the onset of pain. The pain may be accentuated by bending or 
other movement, and associated with nuchal rigidity, a positive Kernig 
sign and muscular spasm. In subacute and chronic cases symptoms may 
be slower in progression, and the total effect may simulate an intraspinal 
tumor. 

As a rule the plain film roentgenograms of the spine are not helpful. 
However, in all cases suspected of an epidural infection, a very careful 
study of the vertebral structures for breakdown of bone pointing towards 
osteomyelitis should be undertaken. In such cases stereoroentgenograms 
are helpful, and in doubtful instances the use of body section radiography 
for detailed inspection of the vertebral bodies and the neural arches pro- 
vides diagnostic information. One should not hesitate to employ myelog- 
raphy in patients suspected of harboring an epidural abscess, particularly 
of the acute variety. In such cases the myelogram may disclose a complete 
block at the level of the lesion, and if this or any other filling defect is 
noted, immediate surgical intervention may be indicated. In some in- 
stances it 1s advisable to instill the pantopaque both by the lumbar and 
the cisternal routes, particularly in those cases in which a complete block is 
present and symptoms are referable to a wide area of the spinal cord. In 1 
case encountered by us the epidural infection extended from the fifth dorsal 
to the second lumbar vertebrz, and was associated with an osteomyelitis 
of the body of the first lumbar vertebra. 

Freedman and Alpers (1948) observed that the occurrence of spinal sub- 
dural abscesses was rarely mentioned in the literature. They reported 2 
such cases, with signs and symptoms characteristic of an intraspinal ab- 
scess, namely, back pain which occurred with an acute inflammatory dis- 
ease, followed by signs of progressive involvement of the spinal cord, and 
accompanied by subarachnoid block. In their 2 cases there was no evidence 
of extradural inflammation or deformity of the cord. The dura was thick- 
ened and infiltrated with inflammatory cells, with the formation of sub- 
dural abscesses. In 1 case the inflammation extended from the cervical 
region to the cauda equina. The authors noted that the preoperative 
differentiation of extradural and subdural spinal abscess is probably im- 
possible, an observation reiterated by Negrin and Clark (1952). 

Hypertrophic spinal pachymeningitis is described by Bucy and Freeman 
(1952) as a disease of unknown etiology which results in thickening of the 
dura with proliferation of collagenous fibers arranged in parallel rows and 


33 


x 





HAD Wee< <hesberansnertie: Hew af: tumbir- Spine: tah, wightwereseur old: “male: patient with eS re ‘ ) 
rapidly Seer weukness and paraplerya of Jawer: Extrevoities. , defmnite bissenus PHYTEES AY 
“Af Hise prejee noatic © By Sane case: Jateral VICW:, Jmoré the Aesteuctiog OE: hone: yt the peasteri ar aspect Ae eC aay 





ab tte: dads ot Huysetond dumbar vertebra darrows:. Ch Paartopricans wstilied at tee first turban 0 é 


“ynivmpace “ Nute theblovk at the second lumbar neers Ste See eases Pamtopaque instilled» PO a 


wes eee pees ra). Anterspace;, avith Winch atthe fyacth Jambar: trterapaee. Al nectipse the-cpdural .- 
? ae Saatseseit: fhe: DEE atl poker es. Was obliteentes. hy f gihatess: Simanwing 4 Sry. 
‘ the i th f rely steamy elitis: 


















‘ 
 ? 





Epidural and Subdural Infections 523 


infiltrated with cells characteristic of a chronic inflammatory reaction. 
This occurs most often in the cervical spinal canal, but may occur elsewhere 
as well. In the 2 cases reported by these authors 1 occurred in the lower 
cervical spinal canal and the other in the upper dorsal spinal canal. The 
clinical picture was one of radicular pain, muscular weakness and atrophy 
similarly localized, associated with spasticity and muscular weakness below 
the level of the cord compression. The function of the bowel and bladder 
may be impaired frequently. Plain roentgenograms in this condition are 
normal, but myelograms will reveal evidence of block, thus localizing the 
level of the lesion. 
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INTRASPINAL DERMOIDS AND EPIDERMOIDS, 
AND DERMAL SINUSES 


Hamartomas are heterotopic formations composed of elements of the skin, 
and are dysembryonic malformations rather than true neoplasms. They are 
regarded as tumors because of their expanding nature. Epidermoids con- 
sist of tissues derived from the superficial layers of the skin. Dermoids 
originate from all layers of the skin, both epithelial and mesenchymal, with 
accessory cutaneous organs such as sebaceous glands, sweat glands and 
hair follicles. Dermal sinuses are tubular formations which may have the 
histologic characteristics of epidermoids, dermoids or both, but which are 
always in direct communication with the skin. In all three conditions the 
viable cells form a thin capsule, and the interior is composed of cheesy 
amorphous masses of dead cornified epithelial cells. In the case of dermoids, 
sebaceous matter and hair are encountered. List (1941) classified hair- 
containing tumors as dermoids in his study, even though microscopic exam- 
ination of the cyst wall showed no cutaneous structures. 

Epidermoids occur in a fairly uniform distribution over the thoracic and 
lumbosacral portions of the cord, and are most frequent in the region of the 
cauda equina. Dermoids appear to have an affinity for the lumbosacral 
portion of the cord. Dermal sinuses occur chiefly in the lowermost portion 
of the spine or in the upper thoracic region. They are seldom encountered 
in the cervical region. As a rule, these lesions are single, but instances 
of multiple epidermoids or dermoids, either due primarily to multiple 
origin or to implantation metastases in the subarachnoid space from 
rupture of the main nodule have been recorded. 

Communications between pilonidal sinuses and intraspinal dermoids 
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of adjacent viscera. Operation and pathologic examination are usually re- 
quired to definitely identify these lesions. McCarty (1950) also observed 
that the most frequent congenital presacral tumors were dermoids and 
teratomas, usually attached to the anterior sacral wall and the coccyx. 

In a report of 40 cases of sacrococcygeal teratomas in infants and children 
Gross, Clatworthy and Meeker (1951) noted that the growths were more 
common in females. Plain roentgenograms in 37 cases showed soft tissue 
masses at the coccyx in 35. Calcifications were seen in 16 of these patients. 
Distant metastases to the lungs and bones were observed in 6. 

The presence of a cutaneous dimple or of a discharging sinus in the middle 
of the back suggests the existence of a pilonidal sinus. This in turn may 
indicate a coexistent intraspinal mass lesion in certain instances. Of equal 
importance is extension of an infection into the spinal canal by way of a 
dermal sinus. As a rule these extend to the epidural space and the meninges, 
but rarely they may enter the intramedullary region. Such a case was re- 
ported by Kooistra (1942) in a nineteen-year-old girl with a sinus over the 
third thoracic vertebra. The plain roentgenograms were normal, but 
myelograms showed a block at ihe third thoracic vertebra. The inner as- 
pects of the left pedicles at this level were thinned. The clinical picture 
was that of a spinal cord tumor, and operation disclosed a mass extending 
from the seventh cervical to the fourth thoracic vertebra. 

Meningitis or myelitis of an acute or chronic nature may follow infection 
extending along a pilonidal sinus. Craig (1943) suggested that a sterile 
form of meningitis may be caused by liberation of fatty acids from a cyst 
within the subarachnoid space. Shenkin, Hunt and Horn (1944) reported 
a two-year-old infant with a clinical syndrome of transverse myelitis and 
widespread leptomeningitis caused by infection along a pilondal sinus in 
direct continuity with a patent filum terminale continuous with the central 
canal of the spinal cord. When this is suspected it 1s better to attempt gas 
myelography before resorting to the instillation of pantopaque, because the 
ee of foreign material into an infected subarachnoid space should be 
avoided. 
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INTRASPINAL NEOPLASMS 


Tumors within the spinal canal occur as intramedullary growths, as 
extramedullary tumors, or tumors which perforate the dura and are both 
intradural and extradural but extramedullary. In a review of 557 intra- 
spinal tumors by Rasmussen, Kernohan and Adson (1940) intramedullary 
tumors constituted 11 per cent of the series. Extradural growths were pres- 
ent in 28 per cent, and combined intradural and extradural growths were 
present in 8 per cent. Intradural extramedullary growths made up 53 per 
cent of this series. Eleven years later Woltman, Kernohan, Adson and Craig 
(1951) reported on 979 intraspinal tumors, and in this group there were 
220 intramedullary gliomas, constituting 22.5 per cent of the series. Elsberg 
(1941) reported that of 275 spinal cord tumors 92 were intramedullary, 175 
were extramedullary and 81 were extradural. Of the extramedullary tumors 
perineurial fibroblastomas were the most common, and meningiomas were 

almost equally frequent. Both groups together composed approximately 
60 per cent of the reported intraspinal neoplasms. These growths occurred 
either entirely within or without the dura, but the intradural situation was 
the more frequent. Of the 59 perineurial fibroblastomas reported by 
Elsberg, 34 were intradural and 25 were extradural. Of his 73 meningiomas, 
69 were intradural and 4 extradural as well. 

Rasmussen, Kernohan and Adson (1940) reported 67 per cent of 163 
neurofibromas as intradural in location and 15 per cent were extradural. 
The remainder were both intradural and extradural. These figures indicate 
that the two most frequent growths within the spinal canal are usually 
intradural, but extradural or both extra- and intradural positions are not 
uncommon. Among the other extradural growths which may be encoun- 
tered are sarcomas, hemangioblastomas, chordomas, melanomas, dermoids 
and metastatic tumors. 

Occasionally one encounters multiple tumors within the spinal canal 
(Lichtenstein, 1941). This is relatively frequent in cases of perineurial 
fibroblastoma and will be again mentioned under that heading. Occasion- 
ally meningiomas may be observed together with perineurial fibroblastomas 
as an entirely separate but concomitant process. Such a case was reported 
by Svien, Camp and Adson (1949) in a twenty-nine-year-old woman who 
had three primary intraspinal tumors. Two of these were intradural 
meningiomas in the upper thoracic spinal canal, and a neurofibroma was 
removed from the cervical canal later. Twelve years thereafter the patient 
had symptoms referable to the cerebellopontine angle and the cervical 
cord. Myelography revealed a complete block at the fourth thoracic ver- 
tebra oid a partial block at the first lumbar interspace. Operation dis- 
closed an intradural extramedullary neurofibroma arising from the anterior 
root of the fifth cervical nerve and another from the posterior root of the 
right fourth lumbar nerve. 

Tumors within the spinal canal, especially meningiomas, are most fre- 
quent in the thoracic region, and occur with about equal frequency in the 
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cervical and lumbar areas. Of the 557 cases reported by Rasmussen, 
Kernohan and Adson (1940) 18 per cent were in the cervical region, 54 per 
cent in the thoracic region and 21 per cent in the lumbar region. Seven 
per cent were in the sacral area. Of the 296 cases reported by Elsberg (1941) 
approximately the same distribution was noted. In the later report by 
Woltman, Kernohan, Adson and Craig (1951) it was mentioned that of 
220 intramedullary gliomas 19 per cent were in the crevical region, 31 per 
cent in the thoracic region, 48 per cent in the lumbar region, and 2 per cent 
in the sacral region. Thie reflected the considerable number of ependym- 
omas which occur most frequently in the lumbar spinal canal. 

The clinical picture associated with spinal cord tumors requires no elabor- 
ation here. It should be recalled that the classical picture of spinal cord 
impairment is not constant with tumors, and the symptoms and signs may 
simulate other diseases such as herniated discs. Toumey, Poppen and 
Hurley (1950) described such a condition with cauda equina tumors, and 
reported 48 cases. The coexistence of spinal cord tumors with herniated 
discs is not unknown, and due care in diagnosis is required to avoid over- 
looking such a combination of lesions. Atypical syndromes produced by 
extramedullary spinal cord tumors in the cervical region simulate amyo- 
trophic lateral sclerosis, posterolateral sclerosis and other degenerative 
conditions of the spinal cord. Symptoms referable to the posterior cranial 
fossa are produced by high cervical tumors projecting into the foramen 
magnum. A clinical picture simulating acute anterior poliomyelitis with 
intraspinal tumors in children was described by Chambers (1952). These 
patients suddenly became paralyzed and had stiff necks, fever and high 
spinal fluid cell counts. In 1 such case myelography revealed a block, and 
2 others had destructive bony changes. One case was verified as an angioma. 

Exaggeration of the usual lumbar lordotic curvature in children was 
mentioned by Furlow (1950) as a sign of cauda equina tumor. One of his 
2 cases had a large epidermoid tumor and the second had a neurofibroma. 
The need for myelography was stressed when there was question as to the 
cause of an exaggerated cous Craig, Svien, Dodge and Camp (1952) 
regarded night pain, marked scoliosis or kyphoscoliosis and a known tumor 
elsewhere as reasons for venturing the diagnosis of spinal cord tumor in 
patients suspected of herniated discs. These authors emphasized that a 
considerable elevation of the cerebrospinal fluid protein content was in 
favor of an intraspinal tumor. However, this is not entirely reliable. 
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Lipomas of the spinal cord also occur in an extradural position, and these 
growths present a somewhat more acute clinical picture. Extradural 
lipomas are more common in the lower dorsal region, and also occur in the 
lumbar area and in the cauda equina. Lipomas of the cauda equina usually 
are associated with other congenital anomalies particularly spina bifida and 
subcutaneous lipomas overlying the suspected area. In a report of 9 cases 
Bassett (1950) stated that disturbances of bladder and bowel functions, 
progressive peripheral neuropathy and trophic changes in the pelvis and 
skeleton may appear. Bassett believe that lipomas resulted from an over- 
abundance of fatty tissue and protrusion into the dural spaces, or from 
inclusion within the dura at the time of closure of the neural tube. As 
the skeletal development of the spine progresses, the conus medullaris 
comes to lie at progressively higher levels. In these cases the conus may 
become fixed by the lipoma and the increased traction on the conus and 
the cauda equina produces symptoms of pressure which may be accentuated 
by additional accumulations of fat. Ehni and Love (1945) mentioned that 
only half their extradural lipomas were of adult tissue, most of the remainder 
being angiomatous in structure, and a few being myxomatous. One was 
composed of embryonic fat. 

Plain film roentgenograms associated with spinal cord and canal lipomas 
may reveal widening of the canal with spreading and thinning of the ped- 
icles. The presence of other congenital anomalies may suggest the presence 
of an intraspinal lipoma when neurologic deficiencies are present. The 
location of the mass can best be identified myelographically. Sometimes, 
if the growth is of sufficient size, the myelogram simulates that seen with 
with intramedullary glioma. 

Meltzer ( 1947) reported a lipoma of the lower cervical spinal cord associ- 
ated with “ivory vertebrz”’ limited to the neural arches and spinous proc- 
esses of the sixth and seventh cervical vertebrz. 


REFERENCES 


BasseETT, R. C.: Neurologic Deficit Associated with Lipomas of the Cauda Equina, Ann. Surg., 
131, 109, 1950. 

Bucy, P. C. and Ritcuety, H.: Klippel-Feil’s Syndrome Associated with Compression of the 
Spinal Cord by an Extradural Hemangiolipoma, J. Neurosurg., 4, 476, 1947. 

CaRAM, P. C., SCARCELLA, G. and Carton, C. A.: Intradural Lipomas of the Spinal Cord, 
J. Neurosurg., 14, 28, 1957. 

Crossy, R. N., WAGNER, J. A., and NicuHo.s, P., Jr.: Intradural Lipoma of Spinal Cord, 
J. Neurosurg., 10, 81, 1953. 

EuNI, G. and Love, J. G.: Intraspinal Lipomas, A.M.A. Arch. Neurol. & Psychiat., 63, 1, 1945. 

MELTZER, S.L.: Ivory Vertebra Associated with Lipom of the Spinal Cord, Am. J. Roentgenol., 
57, 741, 1947. 

SLADE, H. W. and Vinas, F. J.: Intramedullary Lipoma of the Spinal Cord, Neurology, 6, 449, 
1956. 

TANIGUCHI, T. and MuFson, J.: Intradural Lipoma of Spinal Cord, J. Neurosurg., 7, 584, 1950. 

Witson, G., BARTLE, H., JR. and DEAN, J. 5.: Intradural Spina: Lipomas, J. Nerv. & Ment. 
Dis., 91, 745, 1940. 

Wycis, H. T.: Lipoma of Spinal Cord Associated with Klippel-Feil Syndrome, J. Neurosurg., 
10, 675, 1953. 


INTRADURAL EXTRAMEDULLARY [I UMORS 


These constitute about 60 per cent of all spinal tumors, and are principally 
perineurial fibroblastomas or meningiomas. In 275 such cases reported by 
Elsberg (1941), 159 were intradural, mostly in the cervical and thoracic 
regions. In a review of 179 cervical intraspinal neoplasms, Webb, Craig 
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but this usually can be overcome by placing the patient in a lateral position. 
Meningiomas often produce complete or almost complete block, so that the 
diagnosis usually is established easily. If the uppermost extent of the 
lesion is to be determined in the presence of complete obstruction, cisternal 
instillation of pantopaque sometimes is required. This becomes quite 
important if multiple tumors are suspected. 

If the tumor is only partially obstructive the examiner must be alert to 
identify small arcuate defects in the head of the pantopaque column which 
may be quite transient. The entire canal should be checked, up to and 
including the foramen magnum. The upper and lower limits of the tumor 
can be determined readily when partly obstructive lesions are present by 
observing the downward flow of pantopaque. 

If an obstructive lesion 1s present it is better not to attempt to remove 
more pantopaque than can be aspirated without removing fluid as well. 
The possibility of a high lesion moving downward and compressing the 
cord must not be disregarded. For the same reason we do not perform the 
Queckenstedt test when gross spinal canal obstruction is suspected. 

The differentiation of a meningioma from a neurinoma on myelographic 
evidence is not always possible. However, when a relatively sharply 
delimited circular or ovoid defect is present, the latter is more likely present. 
The extramedullary position of a mass can be identified by displacement of 
the negative shadow of the cord away from the tumor. If pantopaque 
streaks permit identification of dural attachment, a relatively elongated 
irregular base favors the possibility of a meningioma. Differential diagnosis 
between meningiomas, neurofibromas and other obstructing tumors such as 
myelomas or metastatic tumors 1s aided by the clinical picture as well as 
the demonstration of osseous changes. Occasionally a herniated disc must 
be considered, and the identification of some extradural calcification pro- 
jecting toward the canal from a thoracic intervertebral disc can be helpful. 
In any event, myelographic diagnosis of an obstructive lesion should be 
made as quickly as possible after the onset of symptoms, particularly if 
they are sudden in onset and rapidly progressive. 

he benefits of surgical removal of meningiomas are obvious. It 1s less 
well known, however, that meningiomas may recur. Three such cases 
were reported by Cushing and Eisenhardt (1938), recurring two years in 
2 cases and nine years after removal in the third. Davidoff, Gass and 
Grossman (1947) reported the recurrence of a meningioma fourteen years 
after the removal of a lesion from the lower thoracic region. One should 
also recognize the possibility of other coexistent lesions. Freedman, 
Feiring and Davidoff (1949) reported metastases from carcinoma of the 
breast together with intraspinal meningiomas in three cases. 

Neurofibromatosis and Perineurial Fibroblastomas.—This is a hereditary 
condition which occurs in both sexes about equally, and is manifest either 
from infancy or becomes apparent later in life. Many patients are unaware 
of their affliction until the appearance of characteristic tumors about the 
time of puberty. Neurofibromatosis is included among the neurocuta- 
neous syndromes such as tuberous sclerosis, Sturge-Weber syndrome and 
von Hippel-Lindau disease. It is recognized readily in its completely 
developed form by the presence of multiple tumors along the peripheral 
nerves, skin pigmentation and a variety of concomitant congenital mal- 
formations, among which are cerebral meningoceles, congenital glaucoma, 
spina bifida and mental defects (Uhlmann and Grossman, 1940). A great 
variety of skeletal changes appear, including abnormalities in growth and 
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passage of contrast medium around a sharply circumscribed circular or 
oval mass without obstruction. Fluoroscopic observation is essential to 
avoid missing a small, nonobstructive lesion which may give rise to only a 
transient defect before it is enveloped in the pantopaque. Wood (1949) 
believed that meningiomas could be differentiated myelographically from 
neurofibromas, because the former had broad dural attachments and slightly 
irregular surfaces. Neurofibromas, being encapsulated, were surrounded by 
the contrast medium more thoroughly than meningiomas. This is a fine 
differential point which in my own experience has not been entirely reliable. 
However, it is purely an academic distinction, inasmuch as in either event 
it is far more important to identify the tumor, its location and extent, than 
to make a histologic differentiation. 
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INTRASPINAL MENINGEAL TUMOR IMPLANTS 


It has long been recognized that brain tumors can spread to the spinal 
meninges by way of the cerebrospinal fluid circulation. Spiller (1907) 
described the extension of an ependymoma of the fourth ventricle to the 
lower thoracic region of the cord. Cairns and Russell (1931) observed 
spinal metastases in more than one-third of the 22 cases of cerebral glioma 
studied. Included in the various brain tumors were medulloblastomas, 
ghoblastomas multiforme, astrocytomas, ependymomas and neuroepitheli- 
omas. Half of these growths originated above and half below the tentorium. 
Wolf (1941) mentioned that spinal metastases from brain tumors occurred 
in approximately 4 per cent of all spinal cord neoplasms encountered in 
routine examinations of the cord at necropsy. The fact that these exten- 
sions were by means of the cerebrospinal fluid was highlighted by the report 
of Halpern (1942), who observed silver clips used in a posterior fossa 
craniotomy in the spinal canal. Three additional cases of subarachnoid 
and ventricular implants were reported by Tarlov and Davidoff (1946). 
Svien, Gates and Kernohan (1949) reported 19 cases of ependymomas of 
the fourth ventricle with an incidence of 31.6 per cent of spinal subarachnoid 
implantations. In none of these 6 patients did the history suggest the 
presence of implants in the canal. 

While the most common site of origin for intraspinal meningeal tumor 
implants is from the brain, occasional cases of carcinomatosis from more 
distant areas occur. Meissner (1953) reported on the incidence of meningeal 
carcinosis in 4 cases of carcinoma of the stomach. We have seen small 
implants with no clinical evidence to suggest their presence in cases of 
leukemia, malignant lymphoma, melanoma, and breast, lung, kidney and 
gastric neoplasms. In a report of primary malignant melanoma of the 
spinal cord, King, Chambers and Garey (1952) mentioned that in their 
second case the cerebrospinal fluid was black, indicating the presence of free 
melanin. This was believed to have produced a chemical arachnoiditis 
which caused hydrocephalus by obstruction of the foramina of Magendie 
and Luschka. Spinal canal block was encountered at the level of the first 
lumbar vertebra, and at operation an intradural tumor was found enmeshing 
the cauda equina, filling the intramedullary region of the conus and penetrat- 
ing the spinal cord on its anterior surface. At necropsy seeding of cells by 
way of the cerebrospinal fluid to the brain was found. 

Unless spinal meningeal implants attain sufhcient size to cause symptoms, 
their presence usually is detected at necropsy only. Nevertheless, there is a 
definitely practical point in recognizing these lesions which finds application 
in the use of x-ray therapy in cases of leukemia, medulloblastoma and other 
brain tumors. In children with leukemia the meninges may become seeded 
with tiny implants. However, leukemia and more often lymphoma are 
occasionally associated with tumorous masses which cause rapid spinal 
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and widened. Usually the pedicles at the upper and lower limits of the 
lesion are less altered than those in the middle where the bulk of the cyst 
is largest. As the cyst increases in size indentations appear against the 

osterior aspects of the vertebral bodies resulting in scalloped vertebre. 
The neural arches likewise may become thinned. Usually these changes can 
be differentiated from ependymomas easily when they appear in the cervical 
or thoracic spinal canal on the basis of localization alone. In the lumbar 
region the changes sometimes are difhcult to distinguish from a bulky tumor. 

Myelography is helpful in differential diagnosis, and provides an almost 
pathognomonic sign when some of the contrast material, be it pantopaque 
or air, enters the cyst. In some instances the neck of the cyst permits such 
communication, but in others this does not occur. It is sometimes helpful 
to repeat the films after a few hours to see if air or pantopaque enters the 
sac. When pantopaque envelopes the lesion it produces a partial block at 
each level where the cyst impinges against bone, and some a complete block 
is produced. A localized small cyst, such as may be seen with a circum- 
scribed area of arachnoiditis, may produce only a slight lateral filling defect 
simulating a herniated disc. Hart (1958) suggested that if operation did not 
disclose a discal lesion to explain the myelographic defect it might be neces- 
sary to open the dura. 

Plain film roentgenograms in children and adolescents may show con- 
comitant changes of Scheuermann’s disease (Cloward and Bucy, 1937). 
Adelstein (1941) observed that the association of Scheuermann’s disease 
with progressive paraplegia indicated a spinal extradural cyst. None of the 
cases of Scheuermann’s disease seen by us had extradural cysts. 
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SPINAL EpipURAL HEMORRHAGE 


This usually occurs after trauma or strain, with a rapid or gradual onset 
of spinalcord compression. It has also been associated with anti- 
coagulant therapy (Alderman, 1956). As a rule the hematoma is dorsal in 
position (Lougheed and Hoffman, 1960). Yaskin and Groff (1941) reported 
a case following slight trauma, with slowly progressive symptoms due to 
epidural hemorrhage in the upper thoracic region. The plain films of the 
spine were normal, but cerebrospinal fluid manometric measurements 
indicated a partial block. At operation a hematoma 4 cm. long and from 
1.5 to 2 cm. thick was removed. VerBrugghen (1946) mentioned 8 cases 
from the literature, and described another in a seventy-five-year-old man 


Epidural Hemorrhage 569 


following indirect trauma. In this case the short progressive history with 
gradual onset of paraplegia and the absence of a bony lesion suggested the 
presence of an extradural hemorrhage. Svien, Adson and Dodge (1950) 
also reported a case following trauma in which the plain films were normal, 
but myelograms disclosed a block at the superior margin of the third lumbar 
vertebra which was diagnosed as a herniated disc. At operation a hard 
fibrous mass compressing the dural sac was encountered. When this was 
opened old blood exuded, and examination of the excised sac showed an old 
organized hematoma. This patient made an uneventful recovery. Schultz, 
Johnson, Brown and Mosberg (1953) collected 12 cases and reported 4 of 
their own. They also noted the association with mild trauma, and corrobor- 
ated the clinical similarity with lumbar disc lesions. 

The neurologic findings depend upon the extent of the hemorrhage. When 
massive bleeding occurs motor and sensory impairment is rapid, requiring 
immediate operation. The lesions may be extensive. One of the cases re- 
ported by Schultz, Johnson, Brown and Mosberg (1953) presented a 
ue geet ieed mass extending from the ninth thoracic to the first lumbar 
vertebra, involving the dorsal and right lateral aspects of the neural sac. 
In their review of the literature they found 3 cases confined to the cervical 
area, 2 of which were limited to the cervical levels. The third extended 
from the third cervical to the lumbar level. There were 4 lesions in the 
upper dorsal area, and 2 of the lower dorsal area, 1 extending to the first 
lumbar level. In 3 cases the lesions were confined to the lumbar region. 

Plain film roentgenograms of the spine are rarely helpful unless a vertebral 
injury provides a lead to the diagnosis. Myelography is most important. 
Occasionally the spinal tap provides a lead to the diagnosis, particularly 
when one is sure that the needle is properly placed and the tap 1s dry or 
productive of bloodstained fluid. If this occurs it may become necessary 
to introduce the pantopaque into the cisterna magna. Usually the myelo- 
graphic picture is one of partial or complete block, but no specific pattern 
is identifiable. In some instances, particularly when complete obstruction 
is present, the configuration suggests the possibility of an intramedullary 
tumor by the spreading of the head of the column. There may be consider- 
able euler in diagnosis when no block is present, as occurred in 2 out 
of the 24 cases reviewed by Lowrey (1959). 
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SPONTANEOUS SUBARACHNOID INTRASPINAL HEMORRHAGE 


Spontaneous subarachnoid hemorrhage with intraspinal tumors may give 
rise to severe pain in the lumbar region extending down both lower extrem- 
ities, accompanied by violent headache. Abbot (1939) reported the case 
of a sixteen-year-old boy who experienced sharp pain in the lumbar region 
and both lower extremities after attempting a high jump. Severe headache 
followed, with weakness and flexor spasm of the legs, nuchal rigidity, positive 
Kernig and Brudzinski signs, but no paralysis. Examination of the cere- 
spinal fluid showed blood but no block. The patient recovered rapidly, 
but had over 25 similar attacks in the next fourteen months. Myelography 
finally disclosed a block at the level of the first lumbar vertebra. A large 
encapsulated ependymoma attached to the filum terminale was found at 
operation, with an unusual amount of hemorrhage. 

Fincher (1951) called attention to the similarity of spontaneous sub- 
arachnoid hemorrhage in intradural tumors with subarachnoid bleeding 
from other causes. He mentioned that if such a picture were associated 
with radicular pain of the lower limbs, a lumbar tumor should be consid- 
ered. Early myelography was recommended for detecting such a lesion 
before compressive symptoms or destructive spinal cord and nerve root 
changes appeared. He reported 5 such cases, including 3 ependymomas, 
1 neurofibroma and 1 neuroglioma. In 1 of his cases myelograms showed 
a complete block although repeated manometric studies had not indicated 
this condition. 
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Diseases of the Hemopoietic, Collagen and 
Reticulo-endothelial Systems 


THE LEUKEMIAS 


It is generally accepted that the leukemias are essentially neoplastic 
diseases which originate in the blood-forming organs, from which abnormal 
white blood cells of varying maturity and quantity are discharged into the 

eripheral circulation. <A close relationship between the leukemias and 
iempheniae has been indicated by hematologic and pathologic investiga- 
tions. Willis (1952) regarded the leukemias as circulating tumors, and felt 
that heterotopic infiltrations and tumors were true metastatic growths 
arising from the blood-borne malignant leukocytes. From the point of 
view of the roentgenologist, no sharp differentiation can be made in the 
osseous radiologic manifestations of the various types of leukemia. In 
children, the acute leukemias are often accompanied by more marked 
osseous manifestations. A summary of the present-day clinical status of 
the lymphomas and leukemias was made recently by Rosenthal (1954). 
Lymphomas of the vertebral column and spinal cord were considered in 
Chapter 5. 

The osseous manifestations of the leukemias appear most frequently in 
the appendicular skeleton of children. Caffey (1950) regarded these as 
due most likely to malignant proliferation of reticulum cells originally 
native to the bone marrow, rather than to malignant proliferation of 
reticulum cells transported from lymphatic structures such as the spleen or 
lymph nodes. However, Willis (1952) concluded that the leukemias are 
malignant neoplasms with permanent circulating metastases from a tumor 
originating in the blood-forming tissues. Hence the heterotopic infiltrations 
and tumors are true metastatic growths arising from blood-borne malignant 
leukocytes. In early stages the marrow cavity may be packed with leu- 
kemic cells, and pain may follow such increased pressure. These changes 
usually are of a lytic nature. Occasionally there may be evidence of osteo- 
sclerosis, which is due to an increase in the density of the spongiosa rather 
than cortical thickening. At times subperiosteal new bone formation 
occurs particularly when there has been perforation of the inner aspect of 
the cortex by leukemic spongiosal infiltrations with subsequent elevation 
of the periosteum. One occasionally finds periosteal thickening secondary 
to subperiosteal hemorrhage and elevation of the periosteum without 
underlying cortical perforation. In the long bones, the most characteristic 
change is a zone of rarefaction immediately proximal to the metaphyses. 
This change was noted in 70 per cent of 43 cases of childhood leukemia 
reported by Bary and Vogt (1935), who could find no clear explanation 
for the production of this zone. They postulated that infiltration and 
erosion of bone by masses of leukemic cells probably played an important 
part in the production of this rarefied metaphyseal zone. Silverman (1948), 
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MYELOSCLEROTIC ANEMIA 


Various names have been applied to this disease, including myelosclerosis, 
myelofibrosis, leukoerythroblastic anemia, myelophthysic anemia, non- 
leukemic myelosis, agnogenic myeloid metaplasia, and agnogenic spleno- 
megaly. The condition is characterized by generalized fibrosis of the bone 
marrow with excessive proliferation of endosteal bone. The fibrosis may 
involve the marrow cavity alone, or it may invade the bone and extend to 
and elevate the periosteum. The patches of fibrosis within the marrow 
cavity are scattered or confluent, and vary greatly. The entire skeleton 
may be involved, particularly the blood-forming marrow as represented by 
the spinal column, the pelvis, ribs and the proximal portions of the long 
bones. As a result of the replacement of the red marrow by fibrous tissue, 
compensatory hyperplasia appears in the remaining hematopoietic tissues, 
particularly the liver, the spleen, and occasionally in the ovaries and adrenals. 

Examination of the circulating blood reveals immature red blood cells 
and leukocytes which may lead to confusion with chronic myeloid leukemia. 
Anemia 1s frequent, although in the early stages of the disease a moderate 
polycythemia may occur. Splenomegaly becomes pronounced later in 
the disease, and is one of the factors adding confusion to the differential 
diagnosis. According to Sussman (1947) the disease may be classified as 
an atypical form of myelogenous leukemia, or a megakaryocytic leukemia 
because of an increase in megakaryocytes in the bone marrow or other 
organs. While a moderate polycythemia is not uncommon in early stages, 
anemia in these patients finally becomes progressive. Leukoblastic activity 
is heightened and death may follow leukemic invasion of the spleen and 
other organs, or bone marrow exhaustion may occur with myelosclerosis. 
Windholz and Foster (1949) pointed out that either splenectomy or x-ray 
therapy might hasten death, commenting that many such patients may 
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Osteoid tissue 1s minimal or absent, and spicules composed of osseous tissue 
may be found scattered through the medullary spaces. A distinct paucity 
of osteoclasts has been reported. ‘This results in prominence and over- 
growth of the trabeculz which may become confluent tn an irregular manner, 
producing scattered foci of denser oes spicules merging with the endosteum. 

Secondary myelosclerosis also may occur with other diseases of the osse- 
ous system, of which metastatic prostatic carcinoma is the most common 
(Bersack and Feinstein, 1946). Diffuse endosteal sclerosis may also be 
seen with widespread metastases from carcinoma of the breast, stomach or 
colon. Reported elsewhere in the present monograph are 2 cases of carci- 
noma of the stomach with widespread myelofibrosis secondary to metastatic 
disease in which the primary lesion was disclosed only at necropsy. 

Osteosclerosis also occurs, although infrequently, with longstanding 
chronic renal insufficiency, and affects the lumbar vertebrz, the pelvis, the 
sacrum and less often the chest, skull and femurs. The cause for this 1s 
unknown, and the change 1s in interesting contrast with the more frequently 
observed resorptive changes associated with the secondary hyperpara- 
thyroidism associated with uremia. The presence of osteosclerosis in 
patients with urticaria pigmentosa has been reported also. Collections of 
mast cells producing mixed osteoblastic and osteolytic reactions have been 
observed in the spine as well as in other bones. The absence of splenomegaly 
and the usual features of renal disease, and the skin changes of urticaria 
pigmentosa serve to distinguish these conditions clinically from agnogenic 
myeloid metaplasia. 

Myelosclerosis may also occur in Paget’s disease, myeloma, terminal 
polycythemia vera, tuberculosis and syphilis. Benzene, fluorine, lead, 
arsenic and phosphorus poisoning are also considered causative (Baastrup- 
Madsen, 1952). Similar changes may also be part of the picture of meta- 
bolic disturbances such as Albright’s disease, osteomalacia, osteitis fibrosa 
cystica and the various lipid dyscrasias (Erf and Herbut, 1944). One of 
the conditions which is frequently included as a cause of osteosclerotic 
anemia is Albers-Schonberg’s disease, but this represents a defect in develop- 
ment of mesenchymatous elements rather than a fibroblastic reaction to a 
stimulus which also produces extramedullary hematopoiesis. 
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POLYCYTHEMIA VERA 


This condition, characterized by a pronounced increase in the circulating 
red blood cells, is associated with cyanosis, particularly of the face and 
mucous membranes, enlargement of the liver and to a lesser degree of the 

leen. Associated complaints are headaches, diffuse aches and pains over 
a extremities and trunk, easy fatiguability, dizziness, tinnitus, dyspnea 
on exertion and mental depression. The concomitance of polycythemia vera 
and peptic ulcer and various neurogenic diseases centering on the midbrain- 
pituitary area have been described. ‘The association of polycythemia vera 
with leukemia is recognized, and it is today believed that the disease is one 
not limited to the erythropoietic system but rather involves the entire blood- 
forming apparatus. Polycythemia may be accompanied by a corresponding 
non-malignant proliferation in the leukoblastic portion of the bone marrow, 
as evidenced by the elevated white cell count not infrequently encountered. 
A high incidence of leukemia is noted in patients surviving more than ten 
years. 

Histologic examination of sections of the bone marrow from the sternum 
show hyperplastic marrow with replacement of fatty tissue by hematopoietic 
tissue. Pieperplacia of cells of the megakaryocytic, erythroid and myeloid 
series and a tendency for the cells of the erythroblastic series to occur 1n small 
clusters was reported by Lawrence, Berline and Huff (1953). In 2 cases ob- 
served by them at necropsy hyperplastic bone marrow was found in the 
vertebre. In 1935, Hirsch reported post-mortem observations in a male 
patient fifty-fhve years old who was known to have had polycythemia for 
thirty-one years. Examination of the bodies of the lumbar vertebrae showed 
the marrow to be tan-red in color and reduced to approximately one-fifth 
of its usual volume. The bone trabeculz in the vertebre were markedly 
thickened and the dimensions of the marrow spaces were correspondingly 
reduced. Along the edges of the trabeculz were narrow layers of new bone. 
Hirsch concluded that the generalized osteosclerosis in this case was prob- 
ably part of the picture of the advanced chronic stage of the disease. Stodt- 
meister and Sandkihler (1952) also mentioned that patients with poly- 
cythemia vera who survived long enough developed myelofibrosis which 
ultimately might progress to osteomyelosclerosis. 

The radiologic changes in the spine associated with polycythemia vera are 
minimal. In a review of 88 proved cases Hodgson, Good and Hall (1946) 
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pear in previously healthy persons or may develop in patients with primary 
atypical pneumonia, with lymphomas or with collagen disease. It may 
occur at any age, but is more poate in females. The condition was re- 
viewed recently by Sacks, Workman and Jahn (1952) who reported on 19 
patients studied by them and 47 collected from the literature. No mention 
was made of skeletal changes in this condition. 

In our own material was 1 male patient thirty-seven years old who had 
had a splenectomy for acquired hemolytic anemia seven years before the 
present films were made. Spine roentgenograms revealed osteosclerotic 
changes, much the same in radiologic appearance as those seen with osteo- 
sclerotic anemia. Of interest in this particular patient is the fact that 
x-rays of the lower femurs showed a flask-like appearance similar to that 
described in Gaucher’s disease. Mild osteosclerotic changes were also 
present in the distal ends of the femurs and the upper ends of the tibias. 
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SICKLE CELL ANEMIA 


This condition is a hemolytic anemia occurring principally, but not ex- 
clusively in the Negro race. It is a chronic disease of a familial nature, and 
is characterized by the presence of sickle-shaped red blood cells. This 
defect has been attributed to a characteristic inherited type of hemoglobin 
which can be differentiated from normal by electrophoresis. The abnormal 
hemoglobin designated as Hemoglobin S 1s inherited as a dominant Mende- 
lian characteristic. If this 1s recerved from both parents a homozygous 
state results in sickle cell anemia. When the S factor comes from but one 
parent a heterozygous state produces the sickle cell trait. Sickling then 
appears under stresses like exposure to cold, and symptoms appear only if 
thrombotic phenomena follow. Bony changes are rarely seen in patients 
with the sickle-cell trait. Another hemoglobin variant, hemoglobin C, also 
can interact with hemoglobin S to produce sickle cell hemoglobin C disease, 
which is milder than the true sickle cell homozygous S/S disease. 

In acute stages of S/S sickle cell disease vascular occlusive phenomena 
affecting all the organs of the body produce variously abdominal, central 
nervous system, bone and joint, urogenital and skin lesions. Clinically there 
are periods of exacerbation and remission. Anemia, leg ulcers, abdominal 
and joint pains, splenomegaly, cardiac murmurs, fever and leukocytosis may 
occur in children. Bone and joint pains may predominate, and be sufficiently 
severe to simulate osteomyelitis. The joint pains may be migratory and 
associated with fever and leukocytosis, simulating rheumatic fever or 
rheumatoid arthritis. The widespread changes encountered in the various 
visceral organs are due to thromboses from the rigid sickle cells in the 
capillaries, which rapidly ascend to larger vessels, particularly on the arterial 
side. The crises of sickle cell anemia follow the widespread thromboses 
which appear as the capillaries become plugged. This may induce a wide- 
spread concomitant vasospasm. Hyperplasia of the bone marrow occurs in 
an effort to maintain the circulating blood. This takes place in the can- 
cellous bone, and is most marked in the calvarium, the long bones and the 
axial skeleton. 

Patients with sickle cell anemia of long duration present a fairly character- 
istic habitus in which the patient is underweight, thin, with narrow hips and 
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shoulders and decreased stature. An increase in the upper dorsal spine 
curvature and lumbar lordosis is common. The neck and trunk are short, 
and an increase in the anteroposterior diameter of the chest is often present. 
The abdomen may protrude and the extremities remain quite thin. The 
hands are long, narrow and tapering. Margolies (1951) believed that the 
characteristic body habitus was probably due to anemia during the forma- 
tive years, and to the frequent arteriolar thromboses. The decreased weight 
and stature was presumed to be due to changes in the anterior pituitary 
body, which in turn is accompanied by atrophy of the testes and other signs 
of hypogonadism in males. ‘The effects of sickle cell anemia on the endocrine 
system, the cardiovascular system, the liver and spleen and the abdominal 
organs 1s beyond the scope of this monograph. 

Changes in the skeletal system are observed fairly frequently, principally 
in the skull, the spinal column, the femurs and the tibias and fibulz. Less 
commonly rarefied, trabeculated changes with patches of osteosclerosis ap- 
pear in the small bones of the hands and feet and the long bones of the 
upper extremities. The bony changes are produced by hyperplasia of the 
erythroblastic tissues in the bone marrow. As the marrow is increased in 
bulk there is a concomitant attempt to replace the marrow with osteoid 
tissue and new bone. In childhood, the predominant change is usually 
widening of the medullary canals and thinning of the cortex of the tubular 
bones. In a case reported by Henkin (1949) with collapse of the vertebral 
bodies, examination of the bone marrow at necropsy in a fourteen-year-old 
Negro boy revealed great cellularity and congestion, with trabecular destruc- 
tion and connective tissue replacement taking place almost simultaneously in 
the erythropoietic portions of the cancellous bone. He believed that the 
process was a form of osteoporosis in which the osteoblasts do not lay down 
sufficient osseous matrix because of a numerical decrease in osteoblasts 
rather than a decrease in their activity. This process is intermittent, and 
probably associated with diminished circulation due to the thrombotic 
tendencies affecting the intraosseous circulation. This combination of intra- 
osseous destruction of trabeculz, hyperplasia of the marrow and reparative 
processes is basically responsible for the presence of patchy areas of demin- 
eralization and creaced bone activity. 

The early radiologic changes in the spine associated with sickle cell 
anemia are a more or less diffuse osteoporosis with a biconvex appearance 
of the vertebral bodies and widening of the intervertebral discs. Later in 
the disease the vertebral bodies become flattened, and as reparative efforts 
occur, osteosclerotic foci become demonstrable as streaky interwoven 
filaments of increased bony density within the vertebral bodies. These 
changes occur either in the thoracic or in the lumbar vertebre, the cervical 
spine usually remaining unchanged. In a report of 48 cases with examina- 
tions of the spine, Ehrenpreis and Schwinger (1952) reported that changes 
were found in 34. These were marked in 7 cases, moderate in 14 and 
minimal in the remaining 13. 

The roentgenologic appearance of the vertebre varies with the stage of 
the disease encountered at the time of examination. In young individuals 
in whom there has been relatively little in the way of occlusive phenomena 
and reparative effort, there may be no visible changes in the vertebral 
bodies at all. With marked hyperplasia, the only radiological indication 
may be some osteoporosis of the bodies, and widening of the intervertebral 
discs. When the occlusive phenomena are more advanced, and reparative 
efforts have taken place to an appreciable degree, the interlacing streaky 
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appearance of the vertebral bodies are quite prominent. In the later 
stages, particularly in adults, the efforts at repair may be pronounced, and 
the vertebral bodies assume a biconvex appearance together with pro- 
nounced patchy sclerotic areas. 

The occurrence of vertebral changes incident to what was presumed to 
be a massive infarction was reported by Legant and Ball (1948). In 1 of 
their patients, a thirty-nine-year-old male, the lowermost two lumbar 
vertebre presented an unusual appearance. They noted that two weeks 
after an abdominal crisis roentgenograms of the spine were normal. Eight 
weeks later areas of rarefaction appeared, with compression of the adjacent 
margins of the fourth and fifth lumbar vertebra. Ten weeks later the bodies 
were further compressed with areas of rarefaction in the anterosuperior 
aspect of the fifth lumbar vertebra. Eight, ten and twelve months there- 
after there was restitution of the architecture of these vertebral bodies 
almost to normal, with a hemogeneous increase in the density of both 
vertebrze and narrowing of the third and fourth intervertebral discs. Actual 
collapse of the vertebral bodies with sickle cell anemia is rare. Carrol 
and Evans (1949) stated that this had not been reported in the literature 
up until the time of their report. They described an eleven-year-old 
patient in whom there was destruction and collapse of the bodies of the 
ninth and tenth thoracic vertebrz. 

Our experience with sickle cell anemia corresponds to that described 
above. The youngest case observed by us with spine changes occurred in 
a three and one-half-year-old male patient in whom the vertebral bodies 
revealed a mild osteoporosis associated with thin fine lines of increased bone 
density, particularly in the bodies of the third, fourth and fifth lumbar 
vertebre. The intervertebral discs in this patient were not disturbed, nor 
was there vertebral collapse. Along the anterior aspects of the bodies of 
the lowermost four dorsal vertebrz small, almost rectangular tongue-like 
protrusions were observed. 
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patients with this condition. March, Schlyen and Schwartz (1952) fol- 
lowed several patients in the fourth and fifth decades in the same family 
with characteristic changes in the bones including the vertebre. 

In a patient observed by us from her eleventh to sixteenth birthday, 
the skeletal changes persisted during the entire period. At necropsy she 
had hyperplasia of the entire bone marrow and lymphadenoid system, ad- 
vanced splenomegaly and hepatomegaly, dilatation of the heart, pulmonary 
edema and atelectasis. The onset of the disease in this patient had been 
noted when she was four years old, and its gradual progression was associ- 
ated with lassitude, weakness, a mongoloid facial appearance, coarse hair, 
a fullness of the head anteriorly, and a tremendous splenomegaly. 

Roentgenograms of the spine in this patient were made over a five-year 

eriod, and showed the vertebral bodies to be of average size, with a slight 
Palen of their contours. No evidence of collapse or other deformity was 
seen. Diffuse coarse reticulation in the vertebrz involved the pedicles, the 
laminz and the transverse and spinous processes. No deformity of the 
neural arches or intervertebral foramina were noted. Over the years the 
vertebral bodies grew normally in size and appearance, but no gross change 
occurred in the reticulations described above. Similar changes were present 
throughout the skeleton. In another patient sixteen months of age who had 
a complete skeletal survey, characteristic changes were present in the entire 
skeleton. It was of interest that the anterior aspects of the bodies of the 
lower three dorsal vertebrz and the upper two lumbar vertebrez showed an 
indentation which was roughly semicircular in configuration and corre- 
sponded in position to the entrance of the anterior spinal vein. A similar 
change of lesser degree was also present in 2 cases of sickle cell anemia. 
A third patient eight years of age, who had been under observation for 
seven years, showed similar changes in the spine. 
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HEMOPHILIA 


Hemophilia is a hereditary disease which is predominant in the male and 
recessive in the female. It does not occur in women, but ts transmitted 
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through them to their male offspring. The hereditary defects apparently 
involve the thromboplastic activity of the plasma, thereby preventing 
normal clotting. The disease is characterized by hemorrhage which may 
either follow trauma or be spontaneous. ‘The joints most frequently in- 
volved are those of the extremities, particularly the hips, knees and elbows. 
Characteristic defects with areas of destruction of bone due to necrosis 
following hemorrhage are quite frequent. Subperiosteal hemorrhages and 
resultant proliferative changes together with erosion of the underlying 
cortex have been reported by Echternacht (1943), who remarked that a 
hematoma, when organized and calcified, might produce an x-ray appear- 
ance resembling bone sarcoma. An excellent clinical review was published 
by Brinkhous (1954). 

Although considerable has been written concerning the bony changes in 
the appendicular skeleton, there is very little concerning changes which 
may appear in the spine with hemophilia. Priest (1935) reported a case of 

inal cord compression caused by epidural hemorrhage due to hemophilia. 
Ch hanges in the sacrum in 1 case out of 44 were mentioned by Ghormley 
and Clegg (1948). In 7 cases seen by us the spinal roentgenograms were 
all normal. 
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Lupus ERYTHEMATOSUS 


This is one of the collagen diseases which as a group involve essentially 
the various connective tissues of the body. It occurs most often in young 
women, and is usually associated with a butterfly erythematous rash over 
the bridge of the nose and malar eminences, fever of an intermittent nature 
and involvement of the synovial and serous membranes producing peri- 
carditis, pleuritis and polyarthritis, and altered bone marrow activity. In 
later stages evidence of the effects of vascular alterations 1n the skin, kidneys 
and other parenchymatous organs are manifested. The disease is protean 
in its manifestations, and may occur in the absence of any of the symptoms 
and signs listed above. 

The neurological aspects of lupus erythematosus were reported by 
Sedgwick and von Hagen (1948). They believed that all the symptoms 
referable to the central nervous system might be explained directly by 
focal vascular disease resulting in hemorrhage or occlusion. Indirect central 
nervous system effects occur by reason of involvement of the kidneys or by 
hemorrhage due to thrombopenia. Piper (1953) reviewed the literature on 
central nervous system involvement in disseminated lupus, and found no 
cases of focal involvement of the spinal cord. He reported a case in a 
nineteen-year-old girl with vascular changes including thrombosis of the 
meningeal vessels resulting in ischemic necrosis of the lumbar cord. The 
patient had complained of numbness and tingling of the lower extremities 
which gradually extended upwards, with progressive weakness, marked 
diminution in motility and difficulty in urination. At necropsy focal swell- 
ing with infarction of the lumbar spinal cord was evident on reflection of 
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THE RETICULOENDOTHELIOSES 


Gaucher’s disease 1s one of the storage diseases of lipoid metabolism which 
involve particularly the reticulo-endothelial system. This condition, which 
is preponderant in females, 1s primarily a disturbance in kerasin metabolism 
in which deposition of kerasin occurs in the reticulum cells of the reticulo- 
endothelial system, producing a typical mottled infiltration with the foamy, 

so-called Gaucher’s cells. ‘The disease is a simple dominant hereditary 
one which is especially frequent in persons of Jewish origin, but may 
also occur in others. The clinical picture is varied, and may extend from 
childhood to old age. Symptoms appear as a rule during childhood and the 
progression of the disease may be slow, extending over many years. 

Among the outstanding characteristics associated with Gaucher’s disease 
are marked enlargement of the spleen and liver. The pronounced spleno- 
megaly is responsible for the designation of the disease sometimes as 
splenic anemia. Involvement of the abdominal and intrathoracic lymph 
nodes and of the external lymph nodes is moderate or minimal. Brownish 
pigmentation of the exposed parts of the skin, wedge-shaped pingueculz, 
a hemorrhagic tendency with leukopenia and thrombocytopenia may ap- 
pear. It is customary to divide the condition into two forms designated as 
visceral and osseous types. In the first, enlargement of the spleen and liver 
and sometimes of the caiph nodes predominate, with meleneels mild osseous 
involvement. In the osseous form the involvement of the skeleton is more 
marked, and the visceral changes are less pronounced. Anemia is usually 
more profound with the osseous form (Tennent, 1945). 

The roentgenological changes in the skeleton associated with Gaucher’s 
disease has been attributed to infiltration and replacement of the bone 
trabecule by the kerasin-containing reticulum cells. Infiltration of these 
cells around the small arteries and capillaries may be sufficient to produce 
aseptic necrosis (Schein and Arkin, 1942; Arkin and Schein, 1948). As a 
result of the infiltration of the marrow with Gaucher's cells minimal, mod- 
erate or extensive osteolysis may occur. Secondary changes such as bowing 
osseous collapse and pathologic fracture are not uncommon. In cases with 
bone involvement pain, stiffness and limping were the outstanding com- 

laints in 11 cases reported by Welt, Rosenthal and Oppenheimer (1929). 
in the acute stages swelling, bone tenderness, and occasionally redness and 
limitation of motion suggested the diagnosis of osteomyelitis. 

The bones most frequently affected by Gaucher’s disease include the 
long bones, particularly the humeri and the distal ends of the femurs, the 
spine, pelvis and hips and those of the hands. Sections through these bones 
reveal the spongiosa infiltrated with yellow or grey deposits of Gaucher’s 
tissue infiltrating between and replacing the trabeculaz. This is followed by 
thinning of the cortex from within, resulting in a scalloped, irregularly 
widened medullary canal. 

Involvement of the spine with Gaucher’s disease is by infiltration of the 
spongiosa with Gaucher's cells. As a result the vertebral body is weakened 
and wedge-shaped deformities appear. If the disease is extensive diffuse 
collapse of the vertebral bodies eventually results in flattening of the in- 
volved segments. Reed and Sosman (1942) described areas of rarefaction 
intermingled with areas of sclerosis in the involved vertebral bodies, fol- 
lowed by compression and relatively intact intervertebral discs. Kyphotic 
deformities with Gaucher’s disease were mentioned by Tennent (1945). 
Welt, Rosenthal and Oppenheimer (1929) mentioned that 1 of their cases 
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obtained, required splenectomy. He was again seen in 1932 with symptoms 
referable to multiple collapsed vertebra and fracture of the sternum. At 
this time an enormous enlargement of the liver had appeared. The patient 
became mentally retarded and a generalized lymphadenopathy was found. 
The necropsy observations were reported in detail by Melamed and Chester. 

Another woman, forty-two years old, had a splenomegaly which was first 
noted four years before she was seen by us. The diagnosis of Gaucher’s 
disease was confirmed by positive splenic and bone marrow punctures. 
Her spine presented a most interesting appearance. The vertebral bodies 
were intact, but indentations of nuclear material into the bodies of the first 
and second lumbar vertebrz were seen on the lateral views. Slight narrow- 
ing of the intervertebral disc between these vertebra was present. Par- 
ticularly interesting was the presence of intermingled linear and slightly 
broader areas of bony increased density, indicating sclerosis in the spongiosa 
of the vertebral bodies. Sclerotic changes could also be demonstrated in 
the lateral aspects of the sacroiliac joints. This appearance was much the 
same as mentioned by Kulowski (1950), who described juxta-articular 
mottling in the sacroiliac joints with a tendency towards partial or complete 
obliteration of the joint spaces. A skeletal survey in this patient revealed 
characteristic changes of the Erlenmeyer flask deformity in the lower 
femurs. Moreover, extensive sclerotic changes were present in both lower 
femurs and in the humeri. Similar changes of lesser degree were seen in 
the tibias and in the dorsal spine. 

Included among the lipoid granulomas are Niemann-Pick’s disease and 
xanthomatosis. Niemann-Pick’s disease 1s a storage disturbance of phos- 
pholipids, and bony changes are rare, although patchy osteoporotic areas 
may appear. Xanthomatosis occurs sometimes in a symptomatic form with 
cholesterolemia, in which lipoid granulomas of foam cells filled with choles- 
terol are deposited in tendon sheaths, joints or viscera. Bony involvement 
is rare. 
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THE NON-LIPID RETICULOENDOTHELIOSES 


This group includes Schiller-Christian’s disease, eosinophilic granuloma 
of bone and acute disseminated reticuloendotheliosis (lLetterer-Siwe’s 
disease). Even though the clinical manifestations of these conditions are 
quite different, histologic evidence suggests a common origin for all three. 
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The prcezress of one of the three into one or both of the remaining two has 
been cited as evidence for the underlying similarity. However, Otani 
(1957) and Siwe (1949) disagree with this concept, and consider them sepa- 
rate entities because of dissimilarities in their clinical and pathologic 
aspects. 


HAND-SCHULLER-CHRISTIAN DISEASE 


This disease 1s characterized histologically by the presence of granulo- 
matous tissue made up of large numbers of mononuclear cells, probably 
histiocytes, and a smaller number of leukocytes. Eosinophiles are present 
to a lesser degree. The cytoplasm of the histiocytes is finely or coarsely 
vacuolated. The granulomatous tissue contains varying amounts of foam 
cells and foreign body giant cells. These are more commonly observed in 
the spleen and lymph nodes than in the skeleton. The presence of foam cells 
may be minimal or absent 1n some cases, but in others they may be widely 
and extensively present (Ponseti, 1948). 

With Hand-Schiiller-Christian disease there may be storage of choles- 
terol in the foam cells which later is replaced by spindle cells and connective 
tissue. In older lesions, therefore, foam cells may be scant. The degree of 
eosinophilic infiltration may also vary considerably. The opinion has been 
expressed that foam cells are more commonly observed in the early stages 
of the disease, and disappear during the healing stage. 

The triad usually associated with Hand-Schiiller-Christian disease in- 
cludes exophthalmos, diabetes insipidus and defects in the membranous 
bones. Concomitant with these are varying degrees of splenomegaly, pig- 
mentation of the skin and evidences of endocrine dysfunction such as 
dystrophia adiposa genitalis and dwarfism. Polyuria, skin lesions and 
pulmonary manifestations may sometimes be present (Currens and Popp, 
1943; Hodgson, Kennedy and Camp, 1951). 

The bony lesions are most extensive in the skull, the pelvis and the ex- 
tremities. The lesions usually are circumscribed, rched and may present 
scalloped borders, sometimes with increased density of the margins of the 
scallops. Involvement of the vertebral column 1s infrequent. ‘Troxler and 
Niemetz (1946) reported a case of a thirty-five-year-old man in whom an 
area of destruction involving the anterior aspect of the body of the first 
lumbar vertebra was present. Davies (1949) mentioned a female child, 
two-and-a-half years of age, in whom there was a flattening of the body of 
the ninth dorsal vertebra. Lateral body section roentgenograms of the 
cervical spine in this patient showed considerable destruction of the bod 
of the fourth cervical vertebra and loss of.the joint space between the fuck 
and fifth cervical segments. Further survey of the skeleton showed lesions 
in the pelvis and femurs, and a biopsy from the left iliac crest was reported 
as Hand-Schiiller-Christian type of reticulosis. Hodgson, Kennedy and 
Camp (1951) mentioned that the vertebrz were involved in 3 out of 28 
cases of reticulo-endotheliosis, including in their series patients with Hand- 
ene disease, eosinophilic granuloma and _ Letterer-Siwe’s 

isease. 


EOSINOPHILIC GRANULOMA 

This condition, together with Hand-Schiiller-Christian disease and 
Letterer-Siwe’s disease, 1s considered a nonlipoid reticulo-endotheliosis. 
The condition was first reported by Otani and Ehrlich (1940), who empha- 
sized its granulomatous and benign nature, and the prominent eosinophilic 
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ing 1 one. In their 7 cases, Otani and Ehrlich proposed 

_ary . anuloma of bone. Jaffe and Lichtenstein (1944) 

csion as being radiolucent and sharply delimited. On patho- 

gic stuay in an early phase, the lesion need grossly as a more or less 
hemorrhagic and cystic area from which only a relatively small smount of 
granulation tissue could be curetted. The tissue was not necrotic, and con- 
tained conspicuous numbers of histiocytes. Some showed phagocytic activ- 
ity, and interspersed among these were large accumulations of eosinophiles. 

The disease usually occurs in young people. Green and Farber (1942) 
observed that their 10 patients varied in age from eleven months to ten 
years, eleven months. Gross and Jacox (1942), in a review of 60 cases, 
noted that all except three were younger than twenty-one years of age. 
One patient seen by us was a male fifty-eight years of age. Pain over 
the involved areas may be a prominent symptom. The regions involved 
most often include the skull, ribs and the long bones. Involvement of the 

pina! column is not uncommon. Green and Farber described a case in 
their series in which the second and third lumbar vertebra were involved, 
associated with a paravertebral soft tissue swelling suggesting a tuberculous 
lesion. Another case showed a flattening of the ninth thoracic vertebra 
which remained unchanged over a four-year period. Dundon, Williams 
and Laipply (1946) mentioned that out of 46 cases collected by them from 
the literature, including 5 of their own, there were 10 cases with multiple 
lesions, of which 9 had vertebral involvement. In no instance of eosino- 
philic granuloma did vertebral involvement occur as an isolated lesion. 
Ackerman (1947) reported a nineteen-year-old male in whom there was a 
large area of destruction in the second cervical vertebra. The eleventh 
and twelfth dorsal vertebra and all the lumbar vertebrae were markedly 
altered. The normal trabecular bony architecture was replaced by cystic 
areas of rarefaction involving the vertebral bodies and their processes. In 
addition there was some lateral wedging of the vertebrz. This patient also 
had involvement of the lungs and diaphragm with the eosinophilic granu- 
loma. Walker (1952) mentioned a case involving the third lumbar vertebra 
with a destructive process, with recalcification of the vertebra after x-ray 
therapy. Osborne, Freis and Levin (1944) reported a case in a twenty-one- 
year-old patient with evidence of neurologic impairment. This patient had 
headache, giddiness, vomiting, deafness, tinnitus, vertigo and ear pain as 
his chief complaints. There was involvement of the skull by a solitary 
confluent polycystic lesion in the temporal bone and mandible. Of interest 
to us was the fact that the seventh cervical, the first and second thoracic 
and the fifth lumbar vertebre showed evidence of destruction. There 
was a favorable response to x-ray therapy in this patient. A case de- 
scribed by Weinstein, Francis and Sprofkin (1947) with headache associ- 
ated with defects in the skull likewise complained of backache. Radio- 
graphic examination of the spine disclosed areas of destruction in the left 
iliac and pubic bones and the body of the third lumbar vertebra. This 
patient also presented radiological evidence of pulmonary fine nodular 1n- 
filtrations, and proof of the eosinophilic granulomatous nature of the lesion 
was obtained by biopsy from the involved left parietal bone. This patient 
also did quite well with x-ray therapy. 

Involvement of the spine is considerably more common with eosino philic 
granuloma than with Hand-Schiiller-Christian disease or Letterer-Siwe’s 
disease. Of the 8 cases of Hand-Schiiler-Christian disease and 5 cases of 
eosinophilic granuloma seen by us, two of the latter had vertebral involve- 
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tathe 4 iaracteristics of eosinophilic granuloma. How- 
c. " pept ca -ochondritis of the vertebral body should not be 
dis cutirely. T ase reported by Rosselet (1949) would appear to 
qualiiytxs 2n example  -Calvé’s disease. 

Vertebra plana due to eosinophilic granuloma or possibly osteochondritis 
occurs mainly in children from about three to thirteen years of age. The 
associated symptoms may be only a mild backache and malaise, with some 
tenderness and spasm. The lesion may be symptomless, and identified only 
incidentally. A good response to x-ray therapy has been observed. Fripp 
oe reported that healing occurred spontaneously in four cases seen by 

im. 

As a rule vertebra plana in children can be differentiated from other 
conditions which produce a similar malformation. Included in this group 
are conditions as diverse as lymphoma, Gaucher’s disease, osteogenesis 
imperfecta, and other osteoporotic disturbances. The similarities and dis- 
similarities to spinal tuberculosis was discussed by Leeser (1947). 


LETTERER-SIWE’S DISEASE 


This is another of the nonlipoid granulomatous diseases of the reticulo- 
endothelial system. It occurs in infants, who rarely survive long enough 
to develop skeletal changes. The syndrome of Letterer-Siwe’s disease 1s 
characterized by a diffuse, generalized hyperplasia of the reticulo-endothelial 
system with splenomegaly, hepatomegaly, a hemorrhagic tendency, general- 
ized lymphadenopathy, generalized tumors overlying the bones, secondary 
anemia and increase in nonlipoid containing macrophages. The disease 1s 
of a relatively short duration with a fatal outcome (Siwe, 1933; Abt and 
Denenholtz, 1936; Dennis and Rosahn, 1951). Microscopically, the eosino- 
philes and macrophages are numerous, but foam cells are absent or relatively 
scant. Reports of vertebral extension of this disease are infrequent. Wallace 
(1949) encountered a collapsed first lumbar vertebra in a four-year-old boy 
with Letterer-Siwe’s disease. 
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a eH lathe. «id ‘ligaments, rather than an abnormality of bony 
growt. - p“ept «*was not a constant feature of the disease entity in their 
Opim 1. eqitirelyem present was found in the brain and in the reticulo- 
endot’..; 2n «em. Chemical analysis of the tissues in their case presented 
asigi) oe increase in the lipid content of the lymph nodes but not of the 
brain, spleen or liver. The increased lipid was by exclusion simple fat 
probably in a complex protein combination. The fact that it was not a 
phospholipid, cerebroside, or cholesterol separated this disturbance from 
the other idopathic lipoid dystrophies. In a later report Smith, Hempel- 
mann, Moore and Barr (1952) reported that biochemical and pathologic 
studies indicated that the basic defect was a dysmetabolism of glycogen or 
an associated macromolecular substance. Histologic investigation showed 
increased glycogen-like substances in the liver and to a lesser extent in the 
pituitary, adrenal medulla and the bone marrow. Uzman (1955) concluded 
that gargoylism represented a genetically induced defect in the metabolism 
of structural polysaccharides. 

Gargoylism usually is apparent at birth, but symptoms appear during the 
first or second years of life. In a review of 138 examples from the literature, 
to which 10 cases were added from his own experience, Jervis (1950) men- 
tioned that 1 patient was normal until four years of age. This, however, 1s 
quite uncommon. In its complete form, a patient with gargoylism is men- 
tally retarded, with a large head and short neck, an ugly face characterized 
by a flat nasal bridge, thick protuberant lips, delayed dentition and widely 
spaced and poorly developed teeth. The skull 1s deformed, its appearance 
simulating hypertelorism, scaphocephaly and macrocephaly. A character- 
istic bump appears in the immediate vicinity of the location of the anterior 
fontanelle. The eyes are set low and the eyebrows are coarse. While the 
infant may grow for a year or so, dwarfism and a lumbar kyphosis soon 
become evident. The mobility of the various articulations is reduced. The 
patient presents a prominent abdomen and short extremities with broad, 
short hands which may have a claw-like deformity. Accompanying this are 
other changes such as poor muscular development, hypertrichosis, leathery 
skin, deafness and a tendency towards umbilical hernia (Zellweger, Ciaccun 
and Firzli, 1952). Hepatomegaly and splenomegaly are frequently present. 
The cornea becomes cloudy due to replacement of Bowman’s membrane by 
swollen cells distended with granular material and lipid laden swollen cells 
in the substantia propria (Lindsay, Reilly, Gotham and Skaher, 1948). 
These authors concluded from 8 necropsies, and biopsies from 4 other 
patients, that the granular intracellular material was composed largely of 
glycogen and glycoprotein. 

Changes occur in the long bones, including swelling of the shafts of the 
humeri, tapering towards their ends, together with a tilting of the distal 
epiphyseal lines of the radius and ulna towards each other. Retardation 
of bone age development with broadened metacarpal and phalangeal bones 
are prominent. ‘The ribs present a practically diagnostic appearance char- 
acterized by thinning and constriction of their proximal portions close to 
their spinal articulations, and gradual flaring distal to this site, particu- 
larly in the lower ribs. Thickening of the sternal ends of the clavicles and 
shallow and small glenoid and acetabular fosse have been mentioned 
(Lahey, Lowman and Worth, 1947). 

Interestingly enough, the bones of the lower extremities are less affected. 
Coxa vara hip deformities may appear. Caffey (1952) reported on ricket- 
like changes in the long bones in cases of gargoylism in the early stage of the 
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Larson a° “Naichty, 1943). Lurie and Levy (1944) attributed the vertebral 
anomatie” :faulty formation of cartilage, and suggested that the retarded 
bone growen may be due to a pituitary factor. They noted that enlarge- 
ment of the head and the dorsolumbar kyphosis appeared at approximately 
the same time between the first and second years of life, at which time 
growth seemed to stop and normal mental and physical development 
ceased. The involvement of the thoracolumbar spine was also commented 
on by Jervis (1950) who mentioned that the other vertebrz may also show 
irregularities of outline and variations in size. Thomson and Vesterdal 
(1951) attributed the deformity of the vertebra and the resultant kyphosis 
to the absence of some of the limbus centers of ossification of the vertebral 


bodies. 
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Aortic Aneurysms ‘. 
the abdominal venous circulation was describe . | = 
Azulay (1952). This occurred in a thirty-four-year-vic _ a 
Corrigan pulse without clinical signs of aortic insufficiei ANS 
were heard in the lower vertebral and posterior pelvic rek . -Kkadio- 


graphic examination disclosed numerous lytic lesions in the \43rlumbar 
vertebra and mixed lytic and blastic lesions in the left sacrum and ilium. 
The radiologic diagnosis was angiosarcoma resulting in arteriovenous 
fistulas. Necropsy revealed a large aneurysmal sac occupying most of the 
posterior pelvic cavity. Extending posteriorly were dilated vessels which 
entered the pelvic and vertebral bones to form loculated interconnected 
intraosseous vascular channels which were considered developmental anom- 
alies. This patient died in cardiac failure. 

Aneurysms of the ascending and transverse thoracic aorta are not ac- 
companied by vertebral changes because of their anatomic positions. 
Aneurysms of the descending thoracic aorta may produce erosive changes 
in the anterolateral aspects of the vertebrze against which they impinge. 
This constant compressive and pulsatile trauma produces smooth, scalloped 
erosions which are deepest in the midportions of the involved vertebrz. 
Such changes are more common in the lower thoracic vertebrz, but may 
occur at any level associated with aortic vertebral compression. They are 
usually multiple. The intervertebral discs, being avascular and relatively 
resilient, are not affected. Similar changes are produced in the upper 
lumbar vertebral bodies by abdominal aortic aneurysms. These are most 
frequent in the upper three lumbar vertebrz. 

The changes may be identified roentgenologically on anteroposterior, 
oblique and lateral films. In the early stage the faint scalloping may be 
better seen on oblique films. The diagnosis may be facilitated by the identi- 
fication of a soft tissue paravertebral mass, within which a linear calcifica- 
tion concave towards the spine may appear (Klinefelter, 1946). In some 
cases the aneurysm may be associated with obliteration of the psoas shadow 
and deflection of the spine contralaterally suggesting a perinephric abscess 
(Uhle, 1941). Abdominal aneurysms may intrude into the stomach or 
duodenum, simulating a neoplasm. Death may follow rupture of the 
aneurysm into the upper gastrointestinal tract. A case of aneurysm per- 
forating into the third portion of the duodenum and eroding adjacent 
vertebre had been reported as early as 1859 (Rottino, 1943). A large 
aneurysm of the descending thoracic aorta with retropsoas extension was 
reported by Putts and Bacon (1936). 

Aneurysms of the renal artery are uncommon, and as a rule are not in 
relationship to the spine. They may sometimes be identified because of an 
opaque, ring-shaped shadow with a relatively dense periphery in the kidney 
pelvis region (Howard, Suby and Harberson, 1941). The diagnosis is best 
established by means of aortography. 

Dissecting aneurysms of the aorta occur once in every 400 to 500 cases 
examined at necropsy (Moersch and Sayre, 1950). They occur more often 
in males, the ratio being from 2 to 3 males to each female. Those in the 
fifth to sixth decades of life appear to be more vulnerable, although no 
adult age group is entirely exempt. The usual clinical picture is one of 
sudden pain and rapid death. eal for weeks or months may take 
place while the aneurysm dissects its way down from the thoracic region. 
In some the intimal tear may be at the proximal portion of the thoracic 
aorta, and death occur from exsanguination from a rupture of one of the 
iliac arteries. 


ae - 2 Aortic Aneurysms 


- he } i. sms may be associated with spinal cord ischemia 
i te 
sensory disturbances. Tuohy, Boman and Berde 
: Lae inal cone ischemia results from interruption of blood 
“3, . bm the aorta. Moersch and Sayre ascribed the neurologic 
~‘tqAmyairment of the blood supply to the cord because of inter- 
ference with the intercostal arteries depriving the anterior spinal artery of 
its circulation. Scott and Sancetta (1949) gathered 28 cases of paraplegia 
and paraparesis resulting from dissecting aneurysm from the literature. 
They reported a fifty-six-year-old male in whom the intercostal arteries 
had been severed, causing hemorrhagic infarction of the cord and subarach- 
noid hemorrhage. The plain film roentgenograms and myelography were 
normal. In 6 cases of dissecting aneurysm seen by us, the x-ray examina- 
tion of the spine was normal in all. None had neurologic manifestations, 
death having occurred quickly after the onset of the dissection. 

With the advent of improved technics for the surgical correction of aortic 
aneurysms, neurologic complications after aortic surgery have been reported. 
Adams and van Geertruyden (1956) reported 24 instances of ischaemia of the 
spinal cord associated with aortic surgery from the literature and their own 
experience. They found that cord lesions were localized to the lower 
spinal cord, and the variations of clinical manifestations resulted from 
differences in the extent and degree of ischemia. Translumbar aortography 
also has been associated with paraplegia, attributed to the injection of 
neurotoxic contrast materials which reach the spinal cord in sufhcient con- 
centration to cause neurocellular damage. 
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ABNORMAL mobility, vertebral, 77 


Abscess (See Osteomyelitis, tuberculosis, brucel- 


losis, etc ) 
mycotic, 300 
spinal cord, 520 
subdural, 521 
tuberculous, 250, 256 
Accessory epiphysis, 74 
Accomodation curves, 43 
Achondroplasia, 163, 165, 171, 439 
diagnosis in utero, 172 
discal lesions, 177 
kyphosis, 174 
myelography, 177 
osteophytic compression in, 174 
skull and spine, 173 
spinal canal narrowing in, 174, 176 
Acquired hemolytic anemia, 582 
Acromegaly, 169, 214 
Actinomycosis, 299, 521 
Adaptation syndrome of Selye, 221 
Adolescent kyphosis, 441 
Adrenocorticotropic hormone, 221, 224 
Agnogenic myeloid metaplasia, 578 
Agnogenic splenomegaly, 578 
Albers-Schoénberg’s disease, 184, 580 
Albright’s disease, 187, 228, 580 
Amebiasis, 246 
Amyoplasia congenita, 190 
Aneurysm, aorta, 605 
Aneurysmal bone cysts, 374 
Angiolipomas, 564 
Angiomas, 563, 565 
Angiosarcoma, 365 
Angle of Louis, 244 
Ankylosing spondylitis, 238, 404 
atlanto-axial dislocation in, 246 
calcification ligamentum flavum, 241 
intervertebral discs in, 240, 246 
manubrio sternal joint in, 244 
pathology, 239, 246 
Ankylosis, vertebral, 239, 240, 265, 412 
Annulus fibrosus, anatomy of, 39 
calcification, 459 
embryology, 26, 32 
Anterior discal herniations, 505, 507 
sacral meningocele, 146, 147 
spinal ligaments, 42, 258 
Aorta, descending thoracic, 62, 605 
Aortic compression, 44 
laceration, 507 
Aortography, 608 
Apophyseal joints, 34, 72, 243, 265, 274, 412, 
452 
rings, 28, 39, 64, 443 


| Aqueduct of Sylvius, 84 

' Arachnoid, 46, 413 

Arachnoidal calcification, 512 

| cysts, 512, 557 

| diverticule, 94, 148, 413 

| herniations, 557 

| lacerations, 413 
varicosities, 566 

Arachnoiditis, 81, 264, 297, 300, 304, 487, 508, 
512, 567 

'Arachnodactyly, 159, 196 

Arnold-Chiari malformation, 110 

hydrocephalus with, 110, 142 

! meningomyelocele with, 110 

| myelograms with, 113 

| symptoms, 111 








tonsillar herniations, 114 
Arterial supply, vertebral, 33 
Arteriovenous fistula, 507, 603 
Arthritis, rheumatoid, 238 

spinal, 268, 432, 438 
Arthrogryposis multiplex congenita, 190 
_Articular facets, 72, 393, 438 
Aseptic degeneration, 447 
necrosis, 442 
| Atlanto-axial articulation, 58 
dislocations, 198, 246, 389, 398 
Atlanto-occipital fusion, 105 
joints, 55, 58, 399 
Atlas, 30, 34, 57 
| assimilated, 106, 108 
embryology, 30 
fractures, 390 
| Atrophy, spinal cord, 92 





Avulsion fractures, 410 
nerve roots, 413, 416 

Axillary pouches, 93, 271 

Axis, 30, 34, 57 (see Dens) 
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BAMBOO spine, 239 

| Basal angle, 107 

| Basilar artery, 97 

| impression, 107, 109, 118 
Basivertebral veins, 28, 40, +2, 63, 67 

invagination, 107, 109, 175 

Batson’s veins, 33, 319 

. Bechterew's disease, 264 
Benign metastasizing goiter, 335 
Bilharziasis, 304 
Biliary fistula, osteoporosis, 223, 220 
Birth trauma, 421 

| Blastomycosis, 300 
Block vertebrz, 119 

| intervertebral discs with, 121 

| structural aspects, 121 
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Bone cysts, 188 
Bow line of Brailstord, 429 
Brucellosis, 294, 449 
Bruit, tumorous, 366 

vascular malformations, 567 
Butterfly vertebrz, 126, 128 
Buttress formation, 427 


C 


CAISSON disease, 307 
Calcified ileolumbar ligaments, 77 
intervertebral discs, 237, 239 
medullary defects, 306 
meningiomas, 541 
nucleus pulosus, 393, 450, 454, 459 
spinal ligaments, 240, 242, 278, 294, 317 
Calvé’s disease, 599 
Cartilaginous vertebra, 26 
Cauda equina, 48, 91, 93, 177, 253, 274, 375, 
434, 448 464, 484, 515 
tumors, 297, 471, 529, 531 
Caudal anesthesia, 513 
sac, 46, 86, 91, 92, 148 
Central canal, 45 
Cerebellar disease, 109, 111, 152, 368, 529, 554 
tonsils, 113 
Cervical discography, 100 
enlargement, 51 
nerves, 61 
ribs, 30, 117, 123 
spine, 30, 35, 53, 60, 239 
herniated discs, 497, 533 
tumors, 529, 540, 548 
Cervical vertebre, 35, 53, 60 
ankylosing spondylitis, 242, 245 
congenital malformations, 105 
dislocations, 281, 346 
osteomyelitis, 285 
rheumatoid arthritis, 239, 248, 246 
spondylolisthesis, 439 
Chamberlain’s line, 59, 107 
Charcot’s arthropathy, 297 
Chondroblastomas, 374, 376 
Chondrodystrophia calcificans congenita, 193 
fetalis, 171 
Chondroectodermal dysplasia, 169 
Chondroma, 364 
Chondrosarcoma, 363 
Chordomas, 367 
Cisterna magna, myelograms, 95, 97, 114 
pontis, myelograms, 84 
Cisternal injections, 80, 84, 532 
Clay-shoveller’s fracture, 396 
Cleft dens, 56, 57 
spinous processes, 118, 131, 135 
Clivus Blumenbachi, 40 
Cobb’s scoliosis angles, 157 
Coccidiomycosis, 301 
Coccyx, 31, 38, 45, 414 
Codman’s tumor, 376 
Compensatory curves, 43 


Index 


| Complications of myelography, 507 
Compression fractures, 501 
myelitis, 379, 381 
Congenital absence, articular facets, 115 
dens, 114 
neural arches, 107, 116 
pedicles, 115 
dermal sinuses, 152, 524 
extradural cysts, 558 
local widening, spinal canal, 535 
lumbar ribs, 30, 123 
Conus medullaris, 47 
Cooley’s anemia, 587 
Coronal articular facets, 73 
cleft vertebrz, 124, 129, 194 
Corticosteroid effects, 211 (See Osteoporosis) 
Costovertebral articulations, 62 
Covertebral joints, 42 
Cretinism, 163, 216, 439 
Cryptococcosis, 301 
Cushing’s syndrome, 209 
causes of, 210 
marginal condensations in, 213 
osteoporosis, 211, 220 
vertebral changes, 211 
Cutaneous sinuses, 136, 152, 527 
Cysticercosis, 304 
Cystinosis, 207 
Cysts, sacral, 561 
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DANLOS syndrome, 169 
Degenerative diseases, 105, 112, 119, 393, 500, 
529, 565 
hypertrophic changes, spinal, 155, 501 
Dens, 36, 53, 56, 109, 114, 247, 368, 390, 392 
absence of, 401 
Dentate ligaments, 46, 96, 98, 395, 499 
Dermal sinuses, 152, 524 
Dermatomes, 25 
Dermoids, 136, 524 
Diabetes, 298 
Diaphyseal aclasis, 170 
Diastematomyelia, 136 
associated anomalies, 137, 152, 526 
myelography, 138 
spurs with, 137 
Discography, 100, 242, 446, 447, 488, 491, 503, 
506 
Dislocations, 246, 281, 394, 406, 412 
Dissecting aneurysms, 607 
Disuse osteoporosis, 220 
| Diverticule, arachnoidal, 413 
meningeal, 561 
‘Dog spine,” 534 
' Dorsal hemivertebra, 130 
Dumbbell tumors, 254, 301, 547 
Duplication, foregut, 126 
: Dural diverticule, 557 
Dysostosis multiplex, 165, 601 
Dyschondroplasia, 170 
Dysphagia, 278, 368, 507 
Dysplasia epiphysialis multiplex, 195 
| Dystonia musculorum deformans, 159 








Dysraphism, spinal, 151, 537 
Dwarfism, 155, 163, 165, 167, 171 


E 


Ecuinococcosis, 303 
Ekman-Lobstein disease, 178 
Ellis-van Creveld syndrome, 169 
Embryology, vertebral column, 23 
Empyema, 159 
Enchondromas, 363 
Endotheliomas, 351 
Engelmann’s disease, 195 
Enostoses, vertebral, 306 
Enterogenous cysts, 126, 136 
Eosinophilic granulomas, 351, 595 
Ependymomas, 529, 531, 560 
Epidermoids, 152, 524 
Epidural abscess, 513, 557 
adhesions, 518 
granulomas, 521, 557 
hematomas, 448, 521 
hemorrhage, 568, 590 
infections, 513, 519 
leukemia, 574, 576 
metastases, 332, 344, 353, 356, 379 
myeloma, 340, 344 
pantopaque, 87, 89, 510 
space, 80, 87, 520 
varix, 563 
Epidurography, 80 
Epiphyseal dysgenesis, 168, 193, 218, 219 
plates, 29, 65, 157 
Epiphyses, unfused, 59, 74, 392 
Epiphysitis, 441 
Ethyl iodophenylundecylate, 81 
Ewing's sarcoma, 351, 373 
Extradural cysts, 351, 373 
dermoids, 526 
fibromsarcoma, 363 
lipomas, 538 
pantopaque, 88, 510 
tumors, 528, 538, 556 
Extramedullary gliomas, 534 
intradural tumors, 538, 542 
Extruded discs, 466, 480, 483 


F 


FALSE positives, myelography, 490 
Fanconi syndrome, 204, 227 
Fibrosarcoma, 361, 373 
Fibrous dysplasia, 187, 228 
Filum terminale, 45, 47, 134, 148, 152, 527 
Fissures, neural arches, 75 
Fistula, tuberculous, 262 
Fluoride poisoning, 317 
Foramen magnum, 46 
malformations, 105, 108 
transversarium, 36, 60, 105, 123 
Fourth ventricle, 84, 110 
Fracture, 245, 287, 309, 375, 389, 397, 405, 
409, 414, 513 
dislocations, 389, 406 
Fragilitas ossium, 178 
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| Functional curve, sp ual, * 
Fungus infections, 299 * 
Fused vertebra, 116, 120, 14, 7? 
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(SANGLIONEUROMA, 548 

Gargoylism, 169, 439, 601 

Gas myelography, 80, 91, 114 

Gaucher’s disease, 221, 583, 592 

Giant cell tumors, 373 

Gibbus, 174, 216, 257, 260, 295, 303, 593 
Gilchrist’s disease, 300 

Gliomas, 530 

Glomerular rickets, 207 

Gout, 281 

Granulomas, 246, 252, 263, 300, 301, 351, 521 
Gummas, 297, 557 


H 


HAMARTOMAS, 524 
Hand-Schiiller-Christian disease, 595 
Hemangioblastomas, 563 
Hemangioendotheliomas, 365 
Hemangiomas, 378, 383, 563 
Hematoma, epidural, 521 
Hematomyelia, 297 
Hemivertebre, 118, 124, 137 
dorsal, 129 
ventral, 125 
wedged, 125 
Hemophilia, 589 
Henson’s node, 23 
Hepatogenic osteoporosis, 222 
Hepatosplenomegaly, 575, 589, 592 
Hereditary multiple exostoses, 170 
Herniated intervertebral discs, 265, 273, 321, 
329, 447 
arachnoiditis with, 515 
cervical, 113, 395, 462, 497 
fifth lumbar, 463 
fourth lumbar, 475 
massive extrusions, 483 
multiple, 100, 491 
postoperative, 288, 291 
recurrent, 487 
spondylolisthesis, 434 
thoracic, 457, 494 
Heterotopic gliomas, 534 
High cervical tumors, 529, 541 
Hippel-Lindau’s disease, 544, 564 
Hodgkin's disease, 305, 355 
Hour-glass deformity, 84 
tumors, 144 
Hurler’s disease, 601 
Hydatid disease, 303 
Hydromyelia, 111 


Hypercalciuria, idiopathic, 204, 227 
Hyperextension injuries, 396 
Hyperflexion injuries, 393, 405, 409, 450, £01 
Hyperparathyroidism, primary, 198, 227 
clinical aspects, 200 
nephrocalcinosis, 200 


Hypercalcemia, idiopathic, 234 
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Intraspinal angiomas, 565 
dimensions, 48, 72 
hematomas, 412, 533, 570 


t 

5: \ 

at \ : Index 
- eS : 
¥ .. KeS, 2. t teosclerosis 
5 section ror Teer 
tap kod wes oa, av 

Fiyy-apair. 8. m, secondary, 204 


renal disease , 204 
Hypertrophic interstitial polyneuritis, 512 
Hypervitaminosis A, 232 

D, 234 

Hypocondylar arch, 105 
Hypoparathyroidism, 208 
Hypophosphatasia, 219 
Hypothyroidism, 216 
Hypovitaminosis D, 226 


I 


IDIOPATHIC hypercalcemia, 234 
hypercalcuria, 204, 227 
osteoporosis, 223 
scoliosis, 155 

Incomplete fusion, spinous processes, 118, 131, 
135 

Infantile cortical hyperostosis, 197 

Infarct, bone, 306, 586 

Intercalary bones, 506 

Interpedicular spaces, 49, 52, 66, 137 

Intersegmental fissure, 25 

Interspinal osteoarthrosis, 282 

Intervertebral discs, 38, 70 

achondroplasia, 117 

ankylosing spondylitis, 240 

biconvex, 210, 224 

block vertebrz, 120 

calcification, 239, 454, 494, 563 

chordoma, 370 

degenerative changes, 451 

embryology, 26 

fluoride poisoning, 317 

infections, 437, 448 

myeloma, 346 

ochronosis, 237 

osteomyelitis, 283, 288, 437 

poliomyelitis, 158 

posttraumatic changes, 412, 450 

rheumatoid arthritis, 238 
spondylitis, 240 

Scheuermann’s disease, 444 

spondylolisthesis, 431, 433, 436 

spondylosis, 265 

syphilis, 295 

tuberculosis 256 

vascular supply, 31 

Intervertebral foramina, 60, 64, 115, 144, 548 
ligaments, 32 

Intracranial pantopaque, 89, 509 
tumor extension, 541 

Intradural dermoids, 526 

discal herniations, 470 
metastases, 336, 369 
tumors, extramedullary, 538, 546 
vascular malformations, 565 

Intramedullary gliomas, 530 

Intramedullary cavitation, 514, 517 
tuberculoma, 252 
tumors, 528, 532 


metastases, 329, 333, 334, 554, 574 
tumors, 336, 528 
Intrathoracic meningocele, 44 
neurofibroma, 548 
spinal deformities with, 44 
Intravasation of pantopaque, 88, 509 
Intravertebral pantopaque, 89 
Intradural extramedullary tumors, 538, 546 
Ivory vertebrz, 292, 305, 309, 330, 355, 538 
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| Joint capsules, 34 
Joints, spinal, 40 
Juvenile rheumatoid arthritis, 248 


| K 





‘KISSING spine,” 282 

Klippel-Feil deformity, 116, 123, 536 

Ktimmel’s disease, 419 

: Kyphoscoliosis, 118, 163, 529, 603 

| Kyphosis, 128, 137, 144, 163, 167, 174, 237, 

251, 263, 386, 396, 547, 593 

dorsalis juvenalis, 441 
senilis, 279, 453 


L 


LACUNAR skull, 111, 140, 142 
Laminagraphy, atlas and axis, 55 
atlantoaxial dislocations, 403 

cervical spine, 57 
cervicooccipital area, 109 
fracture spine, 410 
gas myelograms, 91 
osteoid osteomas, 386 
lumbosacral spine, 71 
spinal, 326 
thoracic spine, 63 
Lead poisoning, 318 
Léri’s pleonosteosis, 169 
Letterer-Siwe’s disease, 595, 600 
Leukemia, 221, 322, 333, 571, 581 
Ligamentum flavum, 42, 82, 96, 241, 265, 273, 
277, 396, 502 
| scarred ligamentum flavum, 488 
'Lignac-Fanconi syndrome, 207 
Lindau’s disease, 544, 564 
Linea spendens, 47 
| Lipiodol, 81, 513 
Lipochondrodystrophy, 601 
Lipodystrophy, 237 
' Lipoma, 139, 147, 536 
-Lordosis, 163, 396, 529, 593 
Lumbar curve, 70 
discography, 100 
enlargement, 51 
: instability, 75, 77 
rib, 30, 123 
vertebra, 37, 473 
| Lumbarized first sacral vertebra, 75 
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Lumbosacral articulation, 70, 72, 75, 131, 474 
interspace, 37, 74, 474 

spine, 66, 473 
Lupus erythematosus, 590 
Luschka’s joints, 42 
Lymphogranuloma venereum, 290 
Lymphomas, 322, 333, 354, 573 

epidural, 356 

M 


MAFFUCI’S syndrome, 170 
Malignant degeneration, 310, 374, 551 
Manubriosternal joints, 239 
Marble bones, 184 
Marfan's syndrome, 196 
Marginal calcification, vertebral, 213 
spondylosis, 264 
Marie-Strumpell disease, 238 
Mediastinal abscess, 286 
Medullary compression, 109 
Melanoma, 554 
Melorheostosis, 198 
Membranous vertebral column, 25 
Meningeal carcinosis, 554 
leukemia, 576 
Meningioma, 528, 539 
psammomatous, 542 
Meningismus, 80 
Meningitis, 80, 264, 396, 448, 510, 513, 520 
Meningocele, 137, 139 
intrathoracic, 144 
occult, 147 
sacral, 146 
traumatic, spurious, 416 
Meningomyelocele, 139 
Arnold-Chiari malformation with, 142 
hydrocephalus, with, 142 
Metameres, 564 
Metaphyseal dysplasia, 196 
Metastases, 246, 305, 319, 332, 364, 371 
Metastatic tumors, epidural, 332, 574 
intramedullary, 531 
intraspinal, 333, 554 
meningeal implants, 555 
Meyerding’s classification, spondylolisthesis, 
420, 423 
Micromelia, 171 
Milkman’s syndrome, 227 
Migrating discal fragments, 470 
Mongolism, 197 
Morquio-Brailsford’s disease, 165 
diagnosis in utero, 167 
differential diagnosis, 168 
skeletal changes, 167 
spinal canal in, 168 
Mucoid streak, 28 
Multiple tumors, spinal, 528, 541, 544, 546 
myeloma, 306, 340 
sclerosis, 109, 518 
Muscles, spinal, 43, 157 
Myelitis, 264, 297, 527 
Mvyelogram, normal, 91 
cervical, 95, 82 
gas, 80, 91 
lipiodol, 81 
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M yelogram “ ¢ . 
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thoracic, 95 Moy ape yp ey w 


thorotrast, 80 nei 
water-soluble, 80 eee 
Myelographic artefacts, 86, o4, 473, 490 


wars 


Myelography, 80 


accuracy of, 90, 488 
achondroplasia, 176 
arachnoidal cysts, 560 
arachnoiditis, 516 
avulsed nerve roots, 416 
cervical herniated discs, 497 
spine fractures, 392, 395 
Charcot's disease, 299 
chordoma, 369 
complications of, 81, 87, 90 
dermoids, 526 
diastematomyelia, 138 
epidural abscess, 521 
hemorrhage, 569 
extradural tumors, 556 
fourth ventricle, 84 
hydatid disease, 303 
intramedullary tumors, 532 
intrathoracic meningocele, 148 
kyphosis, 163 
lipomas, 538 
lumbar herniated discs, 466, 476 
lymphomas, 357 
meningiomas, 543 
myelomas, 343 
neurofibromas, 551 
occult meningoceles, 148 
Paget’s disease, 309 
postural changes, 484 
removal of pantopaque, 81, 86, 511 
sarcomas, 363 
Scheuermann’s disease, 443 
scoliosis, 161 
spinal fractures, 412 
spondylolisthesis, 420 
spondylosis, 271, 432 
subdural abscess, 521 
sylvian aqueduct, 84 
technic, 82 
thoracic herniated discs, 495 
traumatic meningocele, 416 
tuberculosis, 254, 260 
vascular malformations, 566 


| Myeloma, 225, 305, 340, 580 


solitary, 341 
Myelopathy, 379, 381, 393 
Myelophthisic anemia, 184, 578 
Myelosclerosis, 578, 580 


| Myotendinitis calcarea, 457 


Myotomes, 25 
Myxedema, 216 


| NASOPHARYNGEAL tumors, 387 


‘Needle defect,’’ 86 
Nerve root avulsion, 416 
compression, 265, 267, 472 
roots, 80, 472, 511, 512, 515 


KES, 25 t . | 
3 section ror 
‘ciate Ne wl, 2, 274, 287, 422, 502 
Cela, AR 
folds, 24 "7 
groove, 45 
Neurenteric canal, 24, 136 
cyst, 127 
Neurillemomas, 546 
Neurinomas, 546 
Neuritis, cauda equina, 253, 515 
Neuroarthropathy, paraplegic, 420 
Neuroblastomas, 573 
Neurocentral joints, 42 
synchondroses, 28, 66 
Neurofibromas, 144, 254, 373, 544 
Neurofibromatosis, 115, 544 
Neuropathic joints, 297 | 
Neuropathy, radiation, 315 
Nevus, 564 
Nidus, 383 
Niemann-Pick’s disease, 595 
Nonlipoid reticuloendothelioses, 595 
Notochord, 23, 26, 367 
Notochordal canal, persistent, 124, 127 
Nucleus pulposus, anatomy, 40, 451 
calcified, 393, 450, 454, 459 
cervical spine, 394, 450 
chordoma, 367 
embolism, 395 
embryology, 32 
expansion of, 224 
Scheuermann’s disease, 441 | 
Schmorl’s nodes, 441, 447, 451 








O | 
OccIPITAL condyles, 34, 58 
vertebrae, 105 
Occipitocervical anomalies, 105, 109, 117, 167, 
173, 371, 392 
Occult meningocele, 147 
Ochronosis, 235 
Odontoid, 57, 285, 401, (see Dens) 
Ollier’s disease, 170, 364 
Ossiculum terminale, 106 
Ossification accessory laminar, 75 
centers, vertebral, 28, 65 
Osteitis, benign, in children, 292, 449 
circumscripta, 202 
condensans 1111, 308 
deformans, (see Paget’s disease) 
fibrosa, 202 
syphilitic, 295 
tuberculosa cystica, 254 
Osteoarthropathy, hypertrophic, 281 
Osteoblastoma, benign, 386 
Osteochondrodystrophy, 165 
Osteochondroma, 363 
Osteochondrosarcoma, 364 
Osteoclastic metastases, 320 | 
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Osteoclastomas, 373 

Osteogenesis imperfecta, 178 
in utero diagnosis, 180 
osteoporosis in, 220 
pseudofractures in, 228 . 
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Osteogenesis imperfecta, skeletal changes in, 180 
vertebral changes in, 181 
Osteogenic sarcoma, 359 
Osteoid osteomas, 383 
Osteolysis, massive, 382 
Osteomalacia, 226 
Osteomyelitis, 246, 283, 292, 293, 305, 351, 
386, 513, 583 
brucella, 294 
epidural abscess in, 520 
mycotic, 300 
typhoid, 293 
Osteonephropathy, 205 
Osteopathia striata, 193 
Osteoperiostitis, syphilis, 295 
Osteopetrosis, 184, 186 


'Osteophytosis, 264, 266, 297, 317, 412 


Osteopoecilia, 191 
Osteopoikilosis, 191 
Osteoporosis, 211, 215, 217, 220, 237, 241, 340, 
453, 573 
Osteopsathyrosis, 178 
Osteosclerosis, 203, 235, 294, 296, 305, 317, 
574, 579, 581, 585 
fluoride, 318 
metastatic disease, 320, 330, 338, 350 
Osteosclerotic anemia, 579 


Ottonello’s technic, 55, 57 


Pp 


PACHYMENINGITIS, hypertrophic spinal, 521 
Paget’s disease, 228, 305, 309, 580 
Pantopaque See Myelography 
Paralytic scoliosis, 157 
Paraplegia, 161, 246, 263, 297, 316, 352, 379, 
395 
Paraplegic neuroarthropathy, 420 
Paraspinal abscess, 286, 352 
Paravertebral calcifications, 215, 297, 298 
pleural line, 62, 65 
soft tissue swelling, 341, 372, 380, 546, 607 
Paraxial bar, 23 
Parietal thinness, 343 
Pars interarticularis, 421, 436 
Pathologic fractures, 375, 383 
Pedicles, 49, 52, 66, 136, 144, 155, 559 
Perichordal sheath, 27, 28, 127 
Perineurial cysts, 94, 561 
fibroblastomas, 528, 542 
Pfaundler-Hurler syndrome, 601 
Phantom bone, 383 
Physiological scoliosis, 154 
Pia mater, 46 
Pick’s disease, 595 
Pilonidal sinuses, 151, 524 
Pituitary adenoma, 220 
basophilism, 209 
Platybasia, 107, 109 
Pleonosteosis Léri, 169 
Pleural line, paravertebral, 62 
Plumbism, 318 
‘‘Poker spine,” 242, 244 
Poliomyelitis, 158, 529 
Polycythemia, 221, 581 
Ponticulus posticus, 54, 59 


Index 


Postconvulsive fractures, 406 
Posterior fossa tumors, 109 

spinal ligaments, 42 
Postlaminectomy deformities, 418 
Postmenopausal osteoporosis, 220 
Post-tetanic fractures, 408 
Pott’s disease See Tuberculosis 
Pre-employment surveys, 77 
Presacral tumors, 373, 526 

vertebre, 75, 76 
Prespondylolisthesis, 421 
Primary hyperparathyroidism, 198, 227 

ovarian insufficiency, 220 
Primitive groove, 23 

streak, 23 

vertebra, 25 
Proatlas, 105 
Progeria, 219, 250 
Progressive diaphyseal dysplasia, 195 
Psammomatous meningiomas, 539, 542 
Pseudarthrosis, 412, 440 
Pseudofractures, 227, 228 
Pseudohypertrophic muscular dystrophy, 159 
Pseudohypoparathyroidism, 208 
Pseudo-pseudohypoparathyroidism, 209 
Pseudospondylolisthesis, 421, 437 
Psoas abscess, 258, 287 
Punctate epiphyseal dysplasia, 193 
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RACHISCHISIS, 117, 139 
Radiation effects, 314, 374 
myelitis, 314, 316 
scoliosis, 160, 315 
Recoil injuries, 394 
Recurrent herniated discs, 487 
Reiter’s syndrome, 249 
Renal dwarfism, osteodystrophy, 204, 206 
insufficiency, osteosclerosis, 580 
rickets, 205 
Reticulum cell sarcoma, 354 
Retroperitoneal hemorrhage, 575, 607 
Retropsoas tumor, 607 
Retrotracheal swelling, 285, 368, 388 
Reverse spondylolisthesis, 421, 424, 435 
Rheumatoid arthritis, 238, 239, 404 
Rickets, 163, 220, 231 
Ridges, spondylotic, 119, 265, 271, 396 
Ring apophyses, 28, 39, 64, 443 


S 


SACRAL cysts, 94, 561 
meningocele, 147 
nerve roots, 93 
Sacralization, 75 
Sacrococcygeal agenesis, 148 
sinus, 520 
malformations, 148 
teratoma, 525 
Sacroihae joints, 71, 239, 289, 308 
tuberculosis, 252 
Sacrospinous ligaments, 415 
Ssacrotuberous ligaments, 415 
Sacrum, agenesis, 148 
cysts, 561 


|Sacrum, embryology, ~\ & 
| fractures, 414 ‘§ 
normal, 30, 70, 77-°~ 
ossification of, 30 a fae 
osteomyelitis, 289 . 
Sagittal cleft vertebrx, 126, 128 
Sarcoidosis, 263 
‘ Sarcomas, 359 
Sarcomatous degeneration, 374, 551 
Scheuermann’s disease, 419, 441, 453 
Schistosomiasis, 304 
Schmorl’s nodes, 32, 441, 447, 451 
i Sclerotomes, 25 
Schuller-Christian disease, 595 
Schwannomas, 546 
| Scleromeres, 26, 119 
Sclerotomes, 25 
Scoliosis, 44, 128, 153, 315 
angles, 157 
diastematomyelia, 137 
idiopathic, 155 
infantile, 155 
meningoceles, 144 
paralytic, 157 
paraplegia, 161 
physiologic, 44, 154 
post thoracoplasty, 159 
primary and secondary curves, 154 
radiation, 160 
rotary curves, 156 
spinal cord disease, 161 
tumors, 529 
structural and functional curves, 154 
' umusual forms, 159 
Scurvy, 232 
Seabright bantam syndrome, 208 
| Secondary hyperparathyroidism, 204 
Selye’s adaptation syndrome, 221 





Senile kyphosis, 279 
osteoporosis, 220 
Sharpey’s fibers, 28 
Sickle cell anemia, 583 
trait, 583, 587 
cell-thalassemia disease, 587 
Sinus tracts, 287, 300 
Sinusoidal venous reservoirs, 64, 70 
Solitary myeloma, 341 
Somites, 23 
| Spina bifida occulta, 131, 110 
anterior, 139 
Spinal anesthesia, 80, 513 
artery, anterior, 95, 96, 111, 396 
canal, 48, 168, 170, 252 
block, 271, 282, 515 
developmental narrowing, 275 
epidural metastases, 332 
gzumma, 297 
intraspinal metastases, 333, 334 
lateral angles, 274, 472, 485 
localized expansion, 535 
narrow cervical canal, 273 
lumbar canal, 275, 472, 485, 486 
neural arch hypertrophy, effect of, 274 
Scheuermann’'s disease, 442 
spondylolisthesis, 433 
| Spinal cord, abnormal fixation, 110, 139, 147 
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+, 108, 253, 205, 286, 303, 309, 
322, 332, 357, 369, 375, 378, 381, 394, 466 
granulomas, 300 
laceration, 390 
metastases, 322, 336 
tumor, 272, 301 
vascular malformations, 563 
Spinal curvatures, 153 
curves, 43, 70, 128, 154 
foramina, 68, 71 
ligaments, 27, 35, 41, 215, 241, 243, 258, 278, 
294, 343, 390 
nerves, 48 
Spine, embryology, 23 
‘‘mixed-up,”’ 130 
normal, 14, 23, 34, 40 
Spinous processes, 412 
Spondylolisthesis, 420, 439 
Spondylolysis, 421 
Spondyloschysis, 421 
Spondylosis, 264, 277, 396, 421, 438 
Spontaneous intraspinal hemorrhage, 570 
Sprains, 393 
Sprengel’s deformity, 118 
Spurs, acromegalic, 215 
diastematomyelic, 136, 138 
discal, 266, 273 
vertebral, 266 
Steroid hormones, 221, 224, 238, 245, 574 
Still’s disease, 248 
Stippled epiphyses, 193 
coronal cleft vertebra in, 194 
Structural curves, spinal, 154 
Sturge Weber syndrome, 544 
Subarachnoid angiomas, 564 
hemorrhage, 512, 570 
space, 46, 50 
Subcutaneous hemangiomas, 564 
Subdural abscess, 513 
infections, 519 
pantopaque, 87, 510 
Subperiosteal hemorrhage, 571, 590 
Subpial lipoma, 537 
Synovitis, 401 
Syphilis, 295, 580 
Syphilitic leptomeningitis, 297 
Syringomyelia, 105, 109, 112, 119, 298, 396, 533 
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TERATOMAS, 136, 373, 525 
Thalassemia, 587 
Third condyle, 107 
Thoracic herniated discs, 457, 494 
meningocele, 144, 548 
spine, 37, 61, 286, 305 
Thoracoplasty, 159 
Thorotrast, 80, 519 
Thrombopenic purpura, 512 
Torticollis, 153, 401 
Torulosis, 301 
Torus promontoralis, sustentaculum, 429 
Toxoplasmosis, 302 


Transitional vertebra, 75, 108 
Transverse processes, 75, 124, 412 
Trauma, 115, 254, 287, 298, 305, 391, 423 
Tuberculomas, 531, 533, 557 
Tuberculosis, 246, 250, 256, 384, 449 

fistule, 262 

intraspinal, 252 

kyphosis, 263 

sacroiliac, 252 
Tuberculous abscess, 251 
Tuberous sclerosis, 218, 544 
Tubular rickets, 207 
Typhoid osteomyelitis, 293, 521 
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| ULCERATIVE colitis, osteoporosis, 223 
| Umbauzon, 73, 227 
| Uncovertebral joints, 42, 501 

Upper lumbar herniated discs, 476 


V 


VacuuM phenomenon, 460 
Valley fever, 301 
Varicosities, 563, 565, 567 
Vascular anomalies, 563 
notches, vertebral, 64, 67 
tumors, 567 
Veil defect, 482 
Ventral hemivertebra, 130 
Vertebra, 130 
arterial supply, 33 
biconcave, 224 
cortex, 78 
developmental anomalies, 124 
metastases, 319 
plana, 343, 560 
scalloped, 144 
spongiosa, 78 
| venous supply, 33, 64 
| wedged, 128 
Vertebral artery, 97, 105, 119, 268, 391 
canal, 43 
centrum, 26 
column, cartilaginous, 27 
functional aspects, 34 
membranous, 25 
| ossification, 28, 68, 124 
Vertical fractures, 397, 405 
Vitamin A, 232 
D, 226, 234 
Vrolick’s disease, 178 
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' WALDENSTROM’S macroglobulinemia, 221 
'“Wash-board”’ deformity, 269, 504 

| Water-soluble contrast myelography, 80 
| Wedged vertebra, 128 

| Werner's syndrome, 250 

! “Whiplash injury,” 393 
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| XANTHOMATOSIS, 595 
X-ray therapy, 244, 338, 352, 374, 378, 380, 554 
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